:’*‘:ﬁg‘ﬁ:ﬂ = sf&?“’fm =

Fases

— —

Tsts

;’0 -xzu ﬁ

- - i



duinnemyanan nzounfimanizty

a ! d
szyugudeyarsBT Ml dwarsF¥ e e/ TFSQL

A TEMPORAL FUZZY DATABASE SYSTEM WITH TEMPORAL FUZZY
TERMS AND TFSQL

L) v o d
gINn3 aseaaiag

SUREEPORN SOYSANGWARN

ib

.i.'l.b'.."c-c.o.-ct-cu-:-.-n- P

e et o e o P A

nUny.
U

N1 70207 !

Mdon ... 2.4 82552

SneniinusiniudnmiliesmsanmnanmingasnSaanininssumansumiada
MNIFININTIURBNNANDS
AIfINIIuMans
asiumalulaiinszesundudigammsmansziia
.91, 2552

KMITL-2009-EN-M-070-168




A TEMPORAL FUZZY DATABASE SYSTEM WITH TEMPORAL FUZZY
TERMS AND TFSQL

SUREEPORN SOYSANGWARN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN COMPUTER ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2009
KMITL-2009-EN-M-070-168



COPYRIGHT 2009
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



d
AMZIMINTINAANS
aanalulagnszeeunaudganmsaiansziia

[ a a J
11]§1J§EN'J‘VIEI'I‘NW‘Hﬁ

a 9 s a ~ 9 o a a
ioIneniivus  szuugudeyailadFunarildwnifledFanamazaiu TFSQL
sis  Title A Temporal Fuzzy Database System with Temporal Fuzzy Terms and TFSQL
=1 P @ o
ANY uNaNYENs adeudenad

vilsz9107 50060708

yay WNIFUMAATUN T UNA
N1 IFINTTUADUNANDST
semlSaenInendinus $7.05.AnHns Inaze IAs
WRVINNTNUS KMITL-2009-EN-M-070-168
T B : '
AMLNITUM TAOVINENHWHS mailexe
¢ ~a
A.A5.AUANA dazan
[ L4 ~
.03 95U 0 A3 erenu &-& ‘
@ ' ay /
5.253A aulan
A.A3.ANINT CEEFUNGS b o\//)N\/ AoN—

u/mew Y faew TungWaudn 22 gainy e 2552 a1 10.00-12.00 W.

' v
ey o 115 A U 3 Woalszaw 2

Tay % % Y g S0 4 - } &
b R T Vol Rl ISR IRV RAIN 2 RS P
7

ey o
o Mgy o 2 SR B TP

ANIAINTINANANS SVIOIA
Ny

d o
(30NN ANIV138 AT.NOVYY IATHIY)

= a d
ANUA  AUSIAINTITINANANI

' 2,
duinnzilounazalszurann oo, Tuil 22 gaian WA 2552

Suitduduinuiinudatuauysal
Q552

Jun 7#.2° fou o?m% N.H

4
NYo




v Y a = d 9 A a HAq ¥ o A a
IV INENUNUD &'UUiTll1]E)1‘1'ﬂ'ﬂW‘mﬁﬂl’lﬁ1"1‘]‘“%“%"]“5!‘!#[')1’”“3211'IB'I

TFSQL
nANY wangans adesdinad
IHmInAnM 50060708
e NS SUANAATUNNIUNA
aIN FFINTIUABUNIADS
n.a. 2552

prnenlSnnineniinug  saasAniing Inazulens

w v
UNNALID
gudoyaiad (Fuzzy Database) ainstinauenmindimnmng  lumsiamsiy
anuiluisdlugmdoye wninwAed (Fuzzy Linguistic Term) Tagminnldunumda
(Crisp Value) Tusznuaudn q i luansassymdanuld  luanAdvou q sosgudoya
a < Y @ 4 P a
g udoyaIFaIa1 (Temporal Database) MWuTuvas 9 szUUNMITUNY Fadoyanilusialu
=) =4 o H o o =1 PP
paandeluowna aunsaiuBdeiusudoyandiuilegiu mliiivaw q astiigudeya
I=1 = ﬂ a & aw vel o’: ﬂ o a
AaFuaaseontannuiluFunardie  daluanuiveduIngnwnivesiludnyazyol fact N
a 1=4 a - = a a
Shuitsdszihudiadionie hifidoyadm (Valid Time) wehidhufled  Tuanoiinug
L ! -] - ‘:' . A v \J
vl Idheueg udoyaiadduimiuandnesnll  Aenniiladnaunseldilumdoyn
i mamumnoveswusAsdEe q aunsanldsunlaslilmumanar1éondis  Tasludu
usneztinauemndmsnianmsdoyafugudoyasiialnilifiony) TFSQL (Temporal Fuzzy
¥ o y o o J = &
Database Standard Query Language) uazmmgamﬁqﬁmsmnminummﬁﬂwma 9 ¥
Suiludeaiiduvesguniug (Meta-Knowledge Base)  dmsuiudoyaiinmidosiuiions
' v “ & S o PV - | a v o o a -
A q veemiad  Fusldnwazmssafuihudum MdunmlaiFuaundn (Membership
Function) ftieuammiiniAsd man3auAd1onds (Similarity Degree) HASANBINUDI
fAnlszana (Approximate Value definition) Aunaiisuilugemsiszuranamaanie g mnidu
wuaasauInssaddoyanolunazmsNannn iy TFSQL uazfdan 9 dmSugmdoya

v
AxFFaaii lavldossuia (Oracle)




Thesis Title A Temporal Fuzzy Database System with Temporal Fuzzy Terms

and TFSQL
Student Miss Sureeporn Soysangwarn
Student ID. 50060708
Degree Master of Engineering
Program Computer Engineering
Year 2009
Thesis Advisor Assoc. Prof. Dr. Suphamit Chittayasothorn
Abstract

Fuzzy databases have been proposed by many researchers for handling fuzziness in
databases. Fuzzy linguistic terms are used instead of crisp values. They find applications in areas
where exact or crisp values cannot always be obtained. In another database research area, temporal
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M 2 nuufiuana iy uaadegIi 2.5 n3dl (a) A Hedmuuee hidowiuiusznin 4,

ez A, ANuAeAAI (Similarity) ¥oalaFivn 4, oz A, fMwialdnnaumsi 2.4)

W1+W2 )
S h/( 81 —Qaz h 24)
2 — §1—az
W - 81-71+62-72
Wi = Wp, +wti ;i =2
bottom width wy, = (8‘ % top widthw,, = ("‘23‘)

Tunsdl () awmindmuusslimsdowiuiusenin 4, uaz 4, anuadiend

(similarity) ¥0aHaFEA A, oz A, snnaldnnaumsn 2.5

-B2+6,—a
S=Y1 B2+61—a;

(2.5)
S2—ai+y2—P1
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membership degree
1

0.8}

06}

04}

0.2}

10

membership degree
1

0.8}
06+
Al
04}

02}

10

(b)
141 2.5 Anundionda (Similarity) ¥04 2 Hadianla q dmsunsaii 2

441' o dd’ =3 ~ 9 o o
238N 3(c; — €3 < Wy — Wppl)  dmTunsdiliesil 2 NTAUIYOINIFOUNUNY UARAY

f331/9 2.6 mAANUAAIEARA (Similarity) 1T@0INEUMIN (2.6) Uz (2.7)

6 —ay

hy = (6, — v1) + (62—72)
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AU Wy > Wha,
5, — 6,

ho = (61— v1) — (62-72) )

"‘%‘3 Ly =h(62-72) L= hy(8,—v2); Iz = (8, —az) — 4+ 1)

AMIU Wy, < wpy,
a; —a,;

6, —v1) — (62-72)

h2=

2
¥ L =h(6-7); L=hy(E—7); =061 —a) — (L +1); hs=hy +
MAuad1eAas (Similarity) Y83 Aq g A, fmualay

_ lihytlhy+lzhs
2(W1+W2)—(llh1+lzh2 +l3h3)

S (2.6)

Overlap: €y — €3 < Wy + Wiy

MU wpy > Wiyt

h= %% L=h(8 7)1, =6 Ll =7, — Bl
=y A\ (& — 72X 1 2= Y2)t2 D ALY B 1) 2: s
=072
ﬁ'lﬂ%lll Wpr1 < Whpa!
h e M L 2 B@y—v), L = R 11 Byl
— » == Y » = —a;— 4, = - »
Br—rD) — (62 — 2R 153 Ja ) b2 5 RA M8 = V2 — Pl
=&6-—n

gaiueeld H = Lh+ l(h + 1) + 215 + [, uae

[ PISPERIE A
- 2(wq+wp)—H 2.7)



12

membership degree
1 ]

0.8t
06}
A1l
0.4}

0.2}

membership degree
1

08¢}
0.6}
A1l
04t

0.2}

)

31 2.6 Anwndenda (Similarity) 404 2 Hadianla 9 dmsvnsdii 3

v b 4 »
3t 4 (6, < a,) dmiunsdiil ahilldwmidowiuduseninilidumininyes

Ajuaz A, uamﬁa;ﬂﬁ 2.7 AU |[A1 N A,| = 0uaz S(A,,4,) =0
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membership degree
B; Yl

1 T ——
0.8f !
0.6}

A 2

0.4} | 4
0.2}

0 ay, é‘l N 52

0 2 < 10

31 2.7 A wndrond (Similarity) vos 2 HaFiwnla 4 dmsunsain 4

2.2 g1uveyaN¥% (Fuzzy Database)

221 anumIneveaguIeyarlsd
gudoyana¥ (Fuzzy Database) fi yudeyadarunsarinus wiua hiviveu
wionhimuysauesdoyaTaons 1§iadasin wietnanuunie q ife Judoyailad
fo gudeyaimlsznoudroiaduenniiong fvouliimaiudoyafithuilad 4 (1]
222 WadfugmdeymBeduius
2221 managmiumsiannmnihiiadlugudeya
iy 2] Ansdestugmdeyaitad Tdimsumialszamveamsiansiy
anuihuitasdugudeyaiiu 2 szian fe
1) aunsemiledns lfgwdeymlnd (zaanluiaded 22.23)

2) ensamudoyanduifladid ) lussuy eznanluviidon 2.2.2.4)

2222 szismvesieya
1) wiladanu (Crisp): Bilianunquinseludeya 1wu X = 13
Temperature = 90°C
2) wiladad (Fuzzy) :  danwequinseludeyauazannsomidldily 2

Usznnie
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44 > ¥ - A v L4
o anlszinm (Approximate Value) zﬁwaganﬂqmﬂmhﬂuﬁuusm L H

S5z 18 luguuumsnszaennuiiul Iuuugilammao naasdagli 2.8

-d X +d
( APPROX X))

g1 2.8 msnszarwnmniu 1 @ossibility distribution) yeefinlszua
1Nzl 2.8 Mniiwes d Avszazvesmdn Indawss

® Worin 1y (Linguistic term)  asaagnir g lumsunuuuifaves
v 4 A -~ o \d d" l o
MY 19U ‘very small’, ‘small’, ‘medium’ uazdY ¢ FuSundunariinmvesnnnlsmm
(linguistic variable) ~¥3PWUMY (linguistic term) uv\'azﬁmﬂsmmqnﬁmmﬂu 5 tuple
‘ - A A @ 4 & s
(quintuple) A9 (x, T(x), U, g, m) Taon x ﬁ']u'm-ummuﬂsmm, T(x) 1i‘lumumm (linguistic
term) W85 x Tuaaina U, g i syntactic rale AFTumsaiionninmn uaz m
ShuilsFsafiegumsasing U vufie m= 7> P ) Metavesinimlsnmuaadagili 2.9
&L 2o A A A A s &
Faigusmu¥e WS x Av ‘performance’ WA T(x) TBNIMYY AD ‘very small’, ‘small’,
v b4 v
‘medium’, ‘large’ 1A ‘very large’ Lnzndazwingndanea lilnfdsdaans 5 Tavhlian
anaiilu [0, 100]
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4— Linauistic variable

Performance

Linguistic values

(states)

12
—very small

0.8

very large
< Semantic rule

0.6

0.4 P— o
Fuzzy restrictions

02

0 20 40 60 80 100 120

v(performance)

31M 2.9 Medvesilinm

¥ ad A o o o dao = 23 L4
Yoyalunsditivzaguinie lavauysaluazezduiuiiuiatnan  Fmei
< 4 , 4 ol
AMMINADFRVBINFHIYA 1% X is small, Temperature is High
4
foyaiiszgninsied I lugiuunsasznwa il lRuuugy

Amaounany (trapezoid) NAAIAIZIUN 2.10

SMALL

.

a B y &
310 2.10 msnsznonniiuly14 (possibility distribution) ¥9ININIM SMALL dm3us)

0

u1sn 1y HEIGHT

- a s @ Lo L4 A [ o
i 4 wisilimesndunuiiunninmmfe o, B,y,8  uaadaglin 2.10
dmiuen [B,y] timanumiluanFnmiiiy (membership value) 1.0 Tuvaiznan [a, B] uaz

[v, 8] fsmanunilumninlugia (0.0, 1.0]




2223 maiiaf 1 mansuuuiadlligudeyaddniug

o luimaminaue
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madiaf 1 Sumsvmneanuniuilsd i TueavesgudoyaFaduiug lay

Q' b - 4 o ) 4 4 3 o e 4 =) J
My s MEuRIS Aeveiimsads lavlditoulundludsd1d desdanfavuuu

szuuuuuinaemsn hildmmsvonoanuiiuiled ) lugudoyalavase

¥ » b
moldszuviianuiufadezgniams lduaios lufsmniu

aa A - o o :!'
UeMN319% AGE %31l YOUNG, MIDDLE 1ag OLD gnfimuafaziii 2.11

Middle ~__ Old

¥
Aatiugudoya

lumssamsanuduied  lauuzi iaaddu  svesnalesia lawuvos

| 0\ | B
ay By | wom Subw Arto Subo Yo So
U 2.11 Mot Tanmvewenn3ting AGE
dmiuiiesngudoya TBNAIBENT BN UY Faiimsne
STUDENTS! Tagiiuenn3iiongn o HErAEam3 19T 2.1
aaft 2.1 Metadeyalumsiinlsing lugwdoyainGou (STUDENTST)
Name Age Course Percentage Absences
Ankit 19 12 83 13
Anuj 17 10 80 9
Sumit 18 1 83 6
Rahul 19 12 56 12
Bishop 19 12 65 32
Neha 18 1 77 23
Malini 17 10 69 10
Rocky 16 9 79 13
Sandeep 19 12 75 6
Nagesh 19 12 83 6
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® Meta Table
a0 o aa 9 o 1 AqYa 0 ’d
Meta Table lﬂuﬁni’n‘nﬂﬂlﬂu%ﬂyaﬂlﬂﬂ']‘\lﬂ\]fjﬂﬂ']“‘IWU'luﬂ'nlﬂQW“uﬂ']}J]

= s o w a d' : o d' 9 = 3 d'
Axd 1usAVYDI Meta Table T UTLINAUAN 1 uumﬂumzmwmsw LABELS A3 N

22
A131aMN 2.2 LABELS
e N
Label Column_Name Alpha Beta Gamma Delta

aAd v P o aa A
msNumumagmmﬂmmwnmnmmutnuuuTmnuﬂmuewmmmmﬂnﬂ
' s o nﬂ” -
Tasuaazaeaul lua1 19l AD
=4 'd Ao v Qo =1
- Label : (NUNIUMBMTUNUTNUHBIBIHH
g @ Ao o do s a0
- Column_Name : 1HudaulsmymauRusounainmenimua

- Alpha/Beta/Gamma/Delta : 1nUAS19v03HaF1sndaz 1l 2.10

® MSNAN
s g o d’d " a :‘ - a d'
windiwa lumsnannszvuiinemsdwduyminiuia s
o aa o 3 o A vet
vingudeyadminszuniifogudoyadanu (crisp database) unAD il
a g ' a o [ P
Foyaiadivoglugudoye nsfas INSERT o linasunlas
uonwilown INSERT suilulydail
» » 9

FIMTIMIEMATS M3vzgndaziniesndne il

2 4 N3 paaN\M

Juaoun 1: vimuoeads  Aesuladunilayes SELECT, DELETE %30
UPDATE

w’ a aa J @ o aa o2& a 3 =)

JumouR 2:  uenMsiANaINT unenniiadeecgnuaas iavulunsdl
v93 SELECT

e’: = 3 A aa 9 @ a

dupoun 3:  mnathvinean q nfsmsaineIdesnulunis

dumoun 4:  (Houlvasiimsuieni3tes (sub-divided) TluAISueNnSiing
@onm3iangnm’) uazmwimu  Sudeulyliledad i

° Y o voa
i]'llﬂﬂﬂﬂ\ﬂl'lﬂ'lilm\lﬂ’liﬂﬂﬂ

105483
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22.2.4 madiai 2 msveneiasdhlugndeyaBaduius

o Lumaminaue )

v
a

o ' ¥ Vo a a A oA P
nniderounin  ldhimseTuemsfisuuuaqunTenieNaFMITaINID
a o @ 4 d’ 9 Aa o oo o
anlFlugndoyadiduiui uaniniillzuaasmsoenuuugudoyafsdFadunus (Fuzzy
. 2 "V = Aaa A o’: v ° 3 9 a
Relational Database) 9 Bifsaualiadfismmiu  uavzannsmimainudeyadsdasly
»
gudoyaiildondoe
= =) LY i A o 1
Sinnzdnngmdeyadulniaide 2223 asui 21 FeesSunlaould
aa o 4 9 o -~ aw
weMM3D4 AGE, PERCENTAGE tag ABSENCES annsainudoyaimiuiladld Tavidine
g v ow .
HuMYARY (crisp) TRONAIY
v ¥
Fudshldvidelszamdeya siadei 2222 uenmithdlugmdoyaiiszgn
o a oA
fmuaidlu 2 iiafe
a A aa Ja < ¥ A Y [
yiiah 1 : uemn3iana s mny IANesmIFaY (crisp)
a A aa I = aa o g : v o .
¥iian 2 : uenn3IinanuAsdEennsTha aunsanyldnsm¥anu (crisp)

Mszual Azl My

dmsumsingmdoya 12oNAIBINFIMTBANNG U Faimse
STUDENTS2 lauiitienm3iinaane q uansdansiai 23
aad 23 Metiedeyalumseimlsng lugwdoyainSeu (STUDENTS?2)
Name Age Course Percentage Absences
Ankit OLD 12 GOOD 13
Anuj MIDDLE 10 80 9
Sumit 18 11 83 LOW
Rahul OLD 12 BAD 12
Bishop 19 12 65 HIGH
Neha 18 11 AVERAGE 23
Malini 17 10 69 10
Rocky MIDDLE 9 79 13
Sandeep APPROX 19 12 APPROX 75 APPROX 6
Nagesh APPROX 19 12 83 APPROX 6
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©® Meta Table

v v v
dmsunstitl MUsZAUYDI Meta Table 111 ABINIT 3 A5 AIATTIN 2.4

A13137 2.4 (n) COLUMNS_IN_DB

Pt N

Column_Name Type

qyd a aa Jd @ . A - q’;
MINTIAUFIAveENN3 19 (Fau(crspnioflad) Manualuman  lae
v aa J ; a o v t:
lunAazuennsinaveImsnizeTuwae Tl
- Column_Name : Ufiog  tuple  9za0AndBIfUMENNITIAlUAIT W
STUDENTS
| o

=1 o aa 3 o aa u’:
_ Type : IMuTiinvssueNNs ihAnasandosiuenniiontiu 1 2 MAe 1 uag

2 (MY (crisp) tazHE Mudau)

A13197 2.4 (V) APPROXIMATE VALUES_TABLE

= N

Column_Name Margin

¥ v »
msuliumniines d  faadgin 28 uazluusnsuenmitadves
£ oo w\N
msniiszatinoade i
- Column_Name : (i foreign key naeandoanuiumisi COLUMNS_IN_DB
AN 2.4 (1)

=1 =
- Margin : (AU AR d

#13197 2.4 (7)) LABELS

gt N

Label Column_Name Alpha Beta Gamma Delta

o - > o a an o
msNumwﬁmgmmﬂqunmnua nutnmmTmumlmua'n'nm’mmnna

v ¥ F 4
aniimes a,8,7,8 nngi 2.10 uazluudazuenniiinvesmsiiszeTuvdase Tl
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- Label : ifunatimenduwus fuisdisa
- Column_Name : 1ilu foreign key iaoandoaiuua1319 COLUMNS_IN_DB
M3 2.4 (0)

- Alpha/ Beta/ Gamma / Delta : ¥0ananafiumisiiiaes a, By, 8

® MSNAIM

snemsdemAIs Asvsgndaaziisesname hlil

Wy : - - d' s o A

Juaouf 1: ¥iavoans Aeduladunilaves INSERT, SELECT, DELETE
%159 UPDATE

:: - aa Jd o o ﬂ aa I a 3 =

funouh 2: wonmsiaradng Hhiuenmiinavwzgauan iavulunsdl
v83 SELECT

: P ' - 7=} A o 9 o a.d

Juapun 3: msruthuinema q Afeaseninedenulunis

> 1 A o v oa A . P! P

Suaoud 4 Genlvssiimsmisfiisoes (sub-divided) 11lufAsuenn3iion

aa P = d' A 4 -~ » 45

(1eMM3inANgNM3) nionaiam wisAnlszuu dusou'ly

i leied s uiudsaiimsuistosn’s

2225 amndamiumdanmsgudeyal¥d (FSQL : Fuzzy Standard Query
Language)

31 FSQL [4115] 9676319100181 SQL Apnsiftvenoneinnn SQL dweygn

MWaa3 Toilidou luitinnuBanguaquinield SeldusmlgamAudrumids SELECT Tums

flazdanasiiamnudanguaguiase uaziiswingluuiidudou Fananisuiffu FSQL

mahii IdlauedumuAnen SQL Unadans il

® dayiinyain1amu (Linguistic Labels)
dmivennsingla q Aanvaansalumsiduilsd  sxdeslimsdmua
' a o aa {: - s ' .-: 3 A v & v A'd’ 9
woinRdesimiy Tnsineiimariissiududae s meldiiuanuuanars lunild
nanarioemilu 2 Usziam Tao 1§l ustinvesflsd tonn3iiAnuana 1A
4 [ an J -t Ao = o o 4
1) waidmsurenmsitauuiad lanuniinsseady  laomn q weu
b4 I3 v
Wusrduius sumsnszneanuiiu i 1d5d@masumany (Trapezoidal Possibility

Distribution) naadagilil 2.12 @etrasu Amuansviiilu $Very_Short, $Short, $Normal, $Tall
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Az $Very Tall Tuitem3iaf Height Y99 Person LAZAMUA possibility distribution YBIN9I

$Tall i @ = 175, 8 = 180,y = 195,85 = 200 (lumiroisudiuns)

1 4
0 T ; : .: P
a B Yeouul)
1 212 m3nszewnniiu T 185 @mdouneny
2) werdmsuuenniiauu e d Tawu lusoedau Uszianilez1d

@ o & P = f = ’ P > a
anuFuRUTAIUARIBARY (similarity relation) MMUATTHIN 2 naslulawuiug  Ansves
ANUABIAAY (similarity degree) 35 IME29 [0,1] AIDEIYU HENNDIA Hair Colour Y04

Person fMuaneiilu $kair tiag SRed Haired HA1 similarity degree My 0.6 1iudn

® ﬁ")liﬁﬂﬂlﬁﬂﬂﬂhﬂ%q (Fuzzy Comparators)
uonmitevindmmsnSouiionlnd =, < ...) FSQL 1 1dsausiudnfsuimeuy

mafdsFuaanalumsian 2.5
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151N 2.5 afSeunsunadasdd 11y FSQLI4]

Possibility Necessity . Significance
FEQ or F= NFEQ or NF= Possibly/Necessarily Fuzzy Equal than ...
FDIF, F! =orF< NFDIF, NF! Or NF<> | Possibly/Necessarily Fuzzy Different to ...
FGT or F> NFGT or NF> Possibly/Necessarily Fuzzy Greater than ...
FGEQ or F>= NFGEQ or NF>= Possibly/Necessarily Fuzzy Greater or Equal
than ...
FLT or F< NFLT or NF< Possibly/Necessarily Fuzzy Less Than ...
FLEQ or F<= NFLEQ or NF<= Possibly/Necessarily Fuzzy Less or Equal than
MGT or F>> NMGT or NF>> Possibly/Necessarily Much Greater than ...
MLT or F<< NMLT or NF<< Possibly/Necessarily Much Less than ...
FINCL INCL Fuzzy Included in .../ Included in ...
e 2.6 waasivwd IR Soudsymaiadtanualy

Possibility/Necessity family dmiufeduonnsinastianiiumdanm (erisp) uazwnidmsy

aa o - Ao o o w
llaﬂ“5u0ﬂnuﬁcﬂmiﬂluu“uﬂ1iﬁU\’?ﬂﬂu

2:13

A @ o H d' @ 4
Fagoandoanuiladugdmasumanydagin
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i 2.6 TnudmuinSouioumailed Tasmsdhdamsaszawanniluly 1851

Aiwdouaiany : A uaz B (JUN 2.13) [4]

F.Comp Possibility operators Necessity operators
CDEG(A F_Comp B) CDEG(A F_Comp B)

FEQ | = Supgey min (A(d), B(d)) #: u fie | = infsey max (1 — A(d), B(d)) 4
NFEQ | Domain 83 A 112z B A(d) fiD possibility degree | U fio Domain 983 A Uaz B A(d) fi® possibility
dmsud € U lu distribution A degree Am3u d € U 1u distribution A

moF | = 1— CDEG(A NFEQ B) — 1— CDEG(A NFEQ B)
NFDIF
FGT . ly ‘1)’A263 B ly ‘1(14263
A~ VB A= YB
= & <05 &%, > & <8 &Ps>
NFGT (85 —vB) — (Ya—64) & bl AN (Bg —vs) — (@a— Ba) ey <y &Pa>vs
0 #u 9 0 o L
Example Example
0.5 - : 0.5 - 1
’ \ Ya=0p \ 1 ay > g
0 - o -
14 g\
0.5 1 0.5 - '
’ YA<68&8A>YB : \ aA<SB&BA>YB
0 - 0 -
FGEQ 3 la [ YAZBB ﬁ la & aAZﬁs
_ A — Qg A — ap
NFGEQ | ~ |(Bs —as) — (¥a—54) e U ARE A (Bs — ap) — (ax — Ba) Y <brlbr>as
0 Buq 0 fuq
Example Example
14 q
0 - o -
1 4 =
./
0.3 / Ya<PBp &3y >vp al fi ay<Pp&Ps>ap
0 . i
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M3 2.6 @) inwdmsuanSouhvumailesd laomssrsdams nsznsanuiluly1dz

Aivdounany : A uaz B (JU 2.13) [4]

F_Comp Possibility operators Necessity operators
CDEG(A F_Comp B) CDEG(A F_Comp B)
FLT 1 & BA SaB 1 & 6A SaB
a, — Bp Ya— Ps
& Sag&a, < h>ag&y <
NFLT (ap — Bs) — (Ba— ay) " Fa p&as<fs (ag —Bg) — (64— ¥a) L s&v4<Bs
0 fun 0 pun
Example Example
1 - 1 -
/ Pasa I \ O <
0.5 - A = dB 0.5 4 = ap
/ / \L
0 - 0 &
| g— — ¢
\
0.5 - Ba>ap&ay <Pp 0.5 - ,/ 8> ap&ys<Pp
\
0 - 0 A
FLEQ 1 ] BA <Vs 1 h Ay <Y¥Vp
0p —ay Ya—6p
& S>vp&a, <6 84>y &ya<$
NFLEQ | T B =D (o — P[] 2T & T )| es  prracS
0 un 0 Bun
Example Example
1+ 1
0 - 0 -
1+ : 15
' S>Syp&a, <8 04>y &ya<96
05 Ba B A B 05 A 2> VB RYa B
\
0 - 0 -
MGT 1 s hya20+M 1 hay,>28+M
Ys+M—35, Ys+M—B,4
= [1] Oy +M &S, M|= &
NMGT {(ﬁ,—a,)—(r.—s.) e “ =Tt {(a,-ﬂ,)—(s.—r,) P Sl AN BN T r Y
0 #uq 0 Buq
MLT 1 g, sag—M 1 hé<ag—M
= . e bB,>ap-M&a,<By-M | = s oo $16,>a5-M&y, <By—M
NMLT (Ba — ap) — (@ — Pp) s (Ba—va) — (@ — B5)
0 Buq 0 #uq
- - - - HaFwn A
HNadiwn B

- . a aa J
M /19 minimum distance 1UN5 AT 129 2 a3 iAuuY very
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T T T T

8 —f——
Ya 0 Sa B Y» 5»

ay Pa

31 2.13 Trapezoidal Possibility Distribution : A 1103 B

® Fulfillment threshold (})
dmsuluideulvlaonalyl Fulfillment threshold aansm¥eu 1@ Tuguuy

<condition> THOLD y

3
o

Susrenitoulvsdeaiiuesedaanidesiiganiiiu ¥ € [0,1] s
THOLD fhufdanumuiidaniofouiigany (crisp) (=, <, >=, ..) TAUAIMIOYDIAII
Tao#i THOLD fsuidumsldmnSondisuio >=

Moty Insthatiinuduneus (fairhaired) (FaoAn3viooiiqaniiy 0.5)

' 4 1 o
uagiinnugannad $Tall (AwAn3dosfigamiiu 0.8) :

SELECT o

FROM Person

WHERE Hair FEQ  $Fair THOLD 0.5
AND Height FGT  $Tall THOLD 0.8

® Wan¥u CDEG (<attribute>)

391 CDEG(<attribute>) HaaIneaumiiioe fulfillment degree ¥0UIDU 1vv03
a d 'Y aa { a a J °
75 dmiuuenmsinansyy diimsl¥aeinlenlesisies (logic operators) iRt M

mansaudniu 14 (compatibility degree) Aauaasluaisian 2.7
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4’ o [ o o 9 a o ot
MmN 2.7 mssnnaudmsuiandu CDEG Awaninlonlesisines lunwi FSQL

<Condition> CDEG(<Condition>)
<cond1> AND <cond2> Min(CDEG(<cond1>), CDEG(<cond2>))
<cond1> OR <cond2> Max(CDEG(<cond1>), CDEG(<cond2>))
NOT <cond1> 1 — CDEG(<cond1>)
o Foyanual %

% AAWABIAY * YBINIM1 SQL UARIHITIIMNINDAM fulfillment degree

9/ o o Vo v = aa & &
uanepnIndae sxwuileidu CDEG agfuudaziazyn q Aeduenniinadalsing ludeuly
1 lufMBE1IYeIRAI5  A1ABINITMIANS Y89 CDEG(Hair) 118¢ CDEG(Height) 3zumuin * #7u

% waziioudlu31un1 [[scheme.Jtable.]% AIAIDEIUTYU Person.%

e amilaanssuves FSQL

N321IUM Y03 FSQL Server @31l 1ideg1/# 2.14

FSQL Client

1. FSQL Query 3. SQL Query 4. SQL Query 5. Results

Traditional]:

FMB Database

FSQL Server 2. Fuzzy Meta-knowledge

-

Database

-' z g o o e
101 2.14 aorilaons suiugudmiugudoyaiaFiFaduiug

JuABUN 1:  FSQL Client program @473 FSQL T1éa FSQL Server




¥ .
JuUABUN 2:

H P
VUADUN 3:
H a
VYUADUN 4:

4 <
YUABUN 5:
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FSQL Server 9:imsiimsziiags  uasdiisgndesnsziiing
adlszlon SQL Tasmslddeayanin FMB (Fuzzy Meta-
knowledge Base)

Weadszlon SQL 1Auda @2 client program MM
152 Ton SQL U

. v oA da o ¥ & i o

Client program 3zaaa3nifu SQL lildagmdeya Fegaunu
iU FMB

qao client 3z5udoyaNadN SO ITAINAANT

22.2.6 jwumdamsislugmieyaed

aw i o o : =] ’
aivedaulngjezidnuazvesgudoyailadiilu iy ludnvusiaunsahum

» » v ¥
wuimfeFadl lugudoya’ld wazlimsios laolidouleiiluflad Aniugluuudid

3 v
@

3 d’ @ o b4 2 [ v
szuaasae hliszsessuiugudeyaiadzluuuainan

msAvsveagudoyadadFsduius wdn q fiie SELECT, INSERT, DELETE

4 o a 1
1192 UPDATE 9398710139518 syntax lﬂa1ﬁ

SELECT
SELECT
FROM
[WHERE

[<CON>

<ATTRIBUTE1> [<ATTRIBUTEZ2>...]
<TABLE1> [<TABLE2>...]
<CONDITION1>[<THOLD x1>]
<CONDITION2>[<THOLD x2>}...]]

4 -,
&4 CONDITION gnfmuaaase 11l

1) ATTRIBUTE relational operator CONSTANT

2) ATTRIBUTEI relational/fuzzy operator ATTRIBUTE2

3) ATTRIBUTE fuzzy operator CLISP/FUZZY TERM

A W d’ d' b [ I;I -
11as CON flofnyoy 2 13ou ludhdluiu 1Tufe OR, AND

ABUUTY
SELECT

FROM

NAME

STUDENTS
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o A
syntax AU

Axd1d

WHERE PERCENTAGE > 85

AND ABSENCES FEQ $LOW THOLD 0.8

THOLD 52yf1 alpha cut Aesiszauanuiluandnediniesiganzeensun

INSERT

1szTon INSERT an30 insert i bilsmidanu (crisp) adlugudoya laoi

INSERT INTO<TABLE>

VALUES (<expression1> ...)

& . ' o = o o L4
‘¥ expression mmimﬂumﬂi:u1muaz1umut)~1mu‘3nuﬂmmim’ﬂuw%umm

AT

INSERT INTOSTUDAENTS

VALUES (“Ankit”, SOLD, 12, 85, APPROX 10)

DELETE
Tasear¥reveanlszTon DELETE fio
DELETE FROM <TABLE>
[WHERE <CONDITIONI>[<THOLD x1>]
[<CON> <CONDITION2>[<THOLD x2>]...]]
AI08 1B
DELETE FROM STUDAENTS
WHERE PERCENTAGE FGT APPROX 85

AND  ABSENCES FEQ $LOW THOLD 0.8

UPDATE
Tnseadravearlszlon UPDATE fie
UPDATE <TABLE>

SET <ATTRIBUTE1> = <expressionl>
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[RATTRIBUTE2> = <expression2> ...]
[WHERE <CONDITION1>[<THOLD x1>] -
[<CON> <CONDITION2>[<THOLD x2>] ...1}

AIDUIUFY

UPDATE STUDENTS
SET PERCENTAGE = GOOD
WHERE PERCENTAGE < 85
AND ABSENCES FEQ $LOW THOLD 0.8

o v v A o { g o o a a
ﬂ']ﬂﬂ'lﬂlﬂﬁ'lﬁlﬂuﬂ'lﬁﬂ'l\ﬂ'ﬂﬁlﬁﬂﬁf!ﬂ ﬂ’llniﬂﬂ'lﬂ'lﬁ'lﬂilmllﬂ'lUﬂ')'lllﬁ’f]\‘lﬂ'li

23 51“%’9)36@33’)&1 (Temporal Database)

o a < 24 v & A&
Tugrudeyaunuauay (non-temporal) aznumWRdoya o I lanamilawiniu ¥
a v 4 v.ad o v
Unfsziludoyodiga  Tumsnldoumlasdoya  Joyamnvszgniliowivlasdoyalmi s
~ P da a L e=vwn ot gl VA o %) o
Gonfudeya suilumsiSonaudeyaiilsiavasiiGendumniu dwesondudoyalusine:
Tiawnsamld
9J = -~ 4' _ o A d'
gudoyaiFanm (Temporal Database) fin Fudeyandndsdeyaiunm denmiis

: 1] d' o J
aulniulisaudaiangldhvuaiu (User Define Time) [14]

23.1 szanuazanuningyslal
a e - Y o ) A A
TugmdeyaiFaaniussimsssynandfymieya Falsznnveanamszylu

grudoyall 3 Usuan fie

23.1.1 Valid Time

bl
v o/

Frnafuanei fact tuiuede wiesranmideymiuiusialugndoya
snfIpmaTy Sminam n. WnhanudieSui 1 unsiw 2550 HiTwRewAoua 15000 UM
doSudt 1 unsnw 2551 vSimSutudeulfihufouas 18000 umABIAOY Fufusanm
Valid Time voedoyaveaminau n. Afidu@ou 15000 um A 1 un3IAN 2550 B3 1 UNTIAY

2551
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23.1.2 Transaction Time
A &y 5 - s . ’ ' v
Aonmfideyaiugminiinaslugmdoyn  transaction time dnlngjezldnn
H 5 s a A a A
pBMS nazez liamnsaudludoya transaction time luodnlAliinanniziangueiminang
Wignnsonlaumlaednld sndemusu deyaiuideuvesminau n. iAouaz 15000 1M
aoidou ldgniiufindioTun 1 unsIAY 2550 inmsnauwuinzliududeuldilu 18000
vy A o 1 a o 2 A o A o
ymAsiden Tududl 1 unsnw 2551 uathomsituldiuiindeyaioTui 30 Sunau 2550
b '
§uu transaction time YoedoyavBIMina n. Afliduideu 15000 UMABIADY AB 1 UN3IAN
2550 Sa%udi 30 Funay 2550 Wudl  151@ WM transaction time W11HINBAMUATI

transaction time ¥0uAnzdoYAlA 19U ¥299019D1 transaction time VINUNNIY

2.3.1.3 User Define Time
P ¥ - H A =) 1
Sunmnegiuguvuidudaumnilvedoys Ao szuussueuihuuadoyn
2 9 a ¥ 3 ’ v ¥ aa = PO o
sssumpaudvzinlsaamdeyaiiunmimu - dmingeziludeyaiiifinm ondiede u

ifin Suuasau Judhiou dudu

232 sziamveagmdeyaiiaim
gudoyaiFuinn (Temporal Database) fogmdoyanimiumyuoauwuay q i
5283 User-Defined Time §144DYA Valid Time 1182 Transaction Time W1 IWiAag mdoyais

& a a g v o 28
Ia qQﬁUﬂﬂT”Wﬂﬂ'ﬁlﬂU‘uagﬂﬂquﬂﬂ

2.3.2.1 Historical Database

fugmdoyaiiimaifudoyaTaodredaiu Valid Time Faennsonldounlas
1’1’6ga"lﬁ'uaz“luqunawmgm'a’fagaﬁmmﬁqnmﬂﬁv‘hut’l"l-ln’iaga‘lugwﬁegmﬁaﬁ"lﬁli‘lu 2
anyuzhe

- dnwaizia il femahmsudludeyalusdniligiiuniesunanld

- dnwaziidedia Avvzoeuldiimsudludeyauuvilyeivldmniu
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23.2.2 Rollback Database
< e . < v g wa ¥ ) <
UNVINNIZ Transaction Time Tumsinuaz hiinuilseiavesdoyalasasuaeziny
v v Ed
1 finmmznawesmsilaoumlasdeya Tuple 92 linfdsuaazuasziidoyalvusaoue

v 3 v 2 o a
v liaunsanlasunlasdoya ldussziiudoyald nieiumsiiunganssudoya
2.3.2.3 Bitemporal Database
o o & . . A . & o > a ¥
ITMNSINUYN Transaction Time UaZ Valid Time m%sm’lﬁ"’lé’qunnsswaya

wa 9 2 Ao P ¥ =
ua:'llsz’m‘\mwey,mnvzti‘lugm'ﬁagammmu'nqarlugmﬂlmgawmm

233 agisiuanugadeslugmdeyafidniusiugliuugvteyaiaim

U ¥ ¥ a o o 9 a A Hq ¥
agiisnunugnAsd lugdeyaduius luguuugudeyaiFana Ao agnld
uanugndesvesdeyn  Tavazerdaaunlssnevasedny Ao deyouaznm ey 2

Uszianioe Temporal Existential Integrity {la% Temporal Referential Integrity Constraints

2.3.3.1 Temporal Existential Integrity
<uonn3ingn iiiufdnanvesdoyasedeshiiduily  Nun Tunpranaives
doya” wwAufe Existential Integrity TugmudoyaFidunusiuusssua (non-temporal)
a0 @ o ¥ = - = o Y And w : ar =)
wiilungimisfuauauysavesdayalud oo lumswRufudwiindwandgiiu - wie
- 9 ¥ ') = d’ o = v a (9 L r
fiauilu Null ualugmdoyaFanm nglissihdeyaiFaranndndsiie snmededaa
d' o o A A o :‘ L v »
Tuarsai 2.8 Tasfmuald B# dlufdwdn Sudssiifidwdndhiulugesusiusnudegauaz

v =3 LV 1 = L) o 9
¥anm Jannsoiuiindeyaldlashiianginuanuauyselvesdoya 1iludu

MmN 2.8 MeonmandeyalugudoyaiFadm

E# Start End
121 10 12
121 14 Now
133 23 30
147 18 Now




32

2.3.3.2 Temporal Referential Integrity

¥
a o ¥

o ngRldildudmiumsdndadeyn  Tavdeoyaiddaiu  Aosdaniusiy
el ' ' =) e d‘ = ‘§ s M
Joynvesidndn  uazdesnglurrmnmvesidndnil§drudedie  dedesendudauisznou
aeadau Ao doyaunznm elddudadeya szimiseenlAitu 2 nsdi fio
ad : P ad o P LY = . v Ay &
- pydiinamaaniiufsvdmiluasiaiuayy Valid Time ud1 M3NAON
Foyadeuifumsriaivayu Valid Time udwiniu uazdoyandniniude
agluranavesfdnanmniu
- psdinmsniiluddndnidumsian hildeiuayu valid Time uda aliauls

¥
naaunsadnddeyaiuldios

23.4 M3damsveya [8]
23.4.1 M3 Retrieve data
dnuuzveamsnds lugwdeyadanm laun
" ¥y | ¥ ° Yy a
® Current  Retrieve lugwdoyaFuramindsmsoiumauniyy91909
flagliu  exldnuaems limdmavsszynmdugavesdoyandosms i
\J d' d' T L} ' o o = -~
dlusmminangavessiane  wuewn  “degiuwe o, ldTuRuiaeu
mls”
td s
® Sequenced Retrieve M0MIUNTHIHARINNTNNNVDITOYANIIADINS
wuewi “luil n.7.2000 53 U A.7.2005 ww 0. 1R5uswAouls” Tag
TumsiiAvldaIIAIY
® Non-sequenced Retrieve monuuiitiumsesnidoyamnninam e
uamadoyafideamsynsanaidesms uabilauaasmiiiy wuawh
«“113 7.71.2000 B3 T 7.91.2005 wiw 0. TaSuRuEeuls” Taolumsaaa i

Y
ADAULTAIIA

2.3.4.2 M3 Retrieve data 4111 Temporal Joins

-

® Current Retrieve lunsfindsanisdndadedoyaniigranaregluilegiv

wuown “egiulasihen1dsutudeumiive
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®Sequenced Retrieve 1unwd  <lusdadsilegiudilnstheiuny 185y
a A R, dd-’y a 1 c’: & = =
FuiReuwiiy lunsdilideamsdidedoyamugrsnaninun Feeziingdl

Tumsasivdou 4 nsdiasgi 2.15

L1
4]
| i \
| 7
, —
¥29081 L1 iludrunilaves 12
L
[ \
1 y)
L2
l N
| ]
L1
| Ny
nR s
12
| >
Iy )
29120719 L1 1ag L2 Tunaaudeunuiud
L1
I 7X
| J/
s
¥
v | &
¥ L2 Wudiuniiaues L

1 2.15 uwunmuaaulen lunsdl Sequenced Queries

©® Non-sequenced Retrieve 13U “tlasthan@udowminy”  Suideu
-7 d'; v [l < o 4’ ] o dd ﬂ
mduluitionezegauazsiananla mouiiee liauleneduinilu

time stamp
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2.3.4.3 M3 INSERT

v A
® Current Insert flomatiudoyalavdrudainamvesdoyaiiiusisfwailogiu
Wudull

® Sequenced Insert Aomstiudoya Tasdoyavzifusiimusiananimua

2.3.4.4 M3 UPDATE

® Current Update fomsuf ludoyaTasdasanmilegiiu insaidegili 2.16

Case 1:

Case2:

Case3:

Result : (unchanged)

Nl

]
1
I
I
:
:
Result : update TO_DATE } };
1
1

And insert new value | }

e’

Result : update new value

now

31 2.16 N38iA19 ) YB3 Current update

i 4
® Sequenced Update fomiud ludoyalaseuniadadasianm lansedn

flagiiu wSesuina uaaansdinaglin 2.17



-

Case 1:
PA

Old value retained: '——9 l——%

Updated portion: } )
PV
Case 2: % }
| in )
| ]
Old value retained: "——H
U e l )
pdated portion: ] 7
PV
Case 3: } }
| A p
| A 4

Old value retained: o)

Updated portion: } 3
PV

Case 4: } A}
PA

AN g

Result: entire row updated

31 2.17 N38i#19 <) Y93 Sequenced update

23.4.5 M3 DELETE

® Current Delete fiomsaudoyailagiiv

35
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¥
®Sequenced Delete  fomsaudoyalasaunsaddranmidioda

o e d
legiiu nioewnn uanInIdinagilin 2.18

. PV
Case 1: % jj
PA
| 3
| 7
Resul: T— Ei | .
P\?’
Case 2: Iﬁ }
| 2 \
I J
el al
PV \
Casze 3', lr )
PA
| A
ON v
Result: —-
P‘?
Case 4: } }
| W \
| ¥
Result: entire row deleted

31/ 2.18 n38iA13 ) Y9 Sequenced delete

o r Y v =
23.5 mndmFumsdansgiudeyaiaim
Tuauise [8] daldinauenmmdmsumsiamsgiudeyaiFuramuininaveins

o LY { ' A g = L v y
Famsdoyaluridoiirumn eanuazandmiv§ldnugmdeyaaim dwie il
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23.5.1 SELECT

Current Select 15ummunm “fogtiu we n. 185uRudownmIns”

SELECT SALARY
FROM EMPLOYEE
WHERE ENAME = ‘.’

o d @ 4
Nﬁﬁﬂ‘ﬁllﬁﬂ\lﬂs‘lﬂ’li“ﬁ 29

ﬂ]iNﬁ 29 uﬁmwaﬁ"w{mm current select

Name Salary

f. 15000

Sequenced Select 19U Fagoanniudun wwo . 185uiSuidon
i lns»
VALIDTIME SELECT SALARY
FROM EMPLOYEE

WHERE ENAME = ‘1.’
v o P
WAANDUAAIANIAIT NN 2.10

AN 2.10 AAIHAANT YD Sequenced select

Name Salary Fromdate Todate
. 10000 1/1/2000 1/1/2002
f. 12000 1/1/2002 1/1/2005
f. 15000 1/1/2005 31/12/9999

Nonsequenced Select A101INIBUAUILL sequenced HARAdWENODNUT LA
MMN
NONSEQUENCED VALIDTIME SELECT SALARY

FROM EMPLOYEE




WHERE ENAME = ‘f.”

NAANTHUAAIAINITIN 2.11

13197 2.11 LAAINAANT YD Nonsequenced select
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Name

Salary

10000

12000

15000

2.3.5.2 INSERT

Current Insert
INSERT INTO EMPLOYEE
VALUES (001, ‘., 20000.00)

Sequenced Insert
VALIDTIME PERIOD [2008-03-26, 2009-03-01)
INSERT INTO EMPLOYEE
VALUES (002, ‘¥.”, 25000.00)

2.3.53 UPDATE
Current Update

UPDATE EMPLOYEE

SET SALARY = 25000.00
WHERE ENMAE = ‘A.’
Sequenced Update

VALIDTIME PERIOD [2008-01-01, 2008-12-01)
UPDATE EMPLOYEE

SET SALARY = 28000.00
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WHERE ENAME = ‘94.”

2.3.5.4 DELETE
Current Delete
DELETE FROM EMPLOYEE

WHERE ENAME = ‘1.’

Sequenced Delete
VALIDTIME PERIOD [2008-01-01, 2008-12-01)
DELETE FROM EMPLOYEE
WHERE ENAME = ‘4.’

24 §1w’n'aqaﬂm§ﬁanm (Temporal Fuzzy Database)

nnluiadedredu1dnantegudoyailad (Fuzzy Database)  nzgmdoyaiFinm
& : : - s W o 1 3 o Y o o

(Temporal Database) i IummhapaiufanuituiaweiBfuIIREIB VA UAIY
) P 4 £ aa o A =,
Foamsfiansamaduldlugiasss Ae  gwdeyaiFwimansonsyausindudenmsiy
msdududoyaiilueda flagiiu wisewnald wazeraiisoannu iuusuidninedes
Risudu  SuRauurfafisewannswasssuuiidh 13deie  iveasuausinnudeamsin
IndiRsstuanuiiusiunaiga  naninanddenldlimsinytun - hadveniugum

- : - o v o g
uazHadoniuntiogironuluvats q uiyu Al

241 Waduennitnsam
b 4
Uszamilifannmainnfavesgudoyaifinawazgudoyadaduninusunu
Tavfigndeyaiiugmdoyadwnuuuiingnndiedu  uasiieFuenmiddiuenniiog
A EURLER] an  Jd [ , Ao v ’ =) L4
du q Ahilsuenmitdninedestunm  aunsalddeyaniinnuhimiveunieiiunani

A4 onAItNRIMIs 1N 2.12
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M15797 2.12 M3 EMPLOYEE__SALARY LaAUBNN31ANsHFIa19 SALARY

NAME SALARY FROMDATE TODATE
N.Brooks middle 1-1-1997 1-1-2000
T.Jones $50K 1-3-1997 1-1-1999
J.Neil $35K 1-6-1997 1-1-1998
J.Neil $35K 1-1-1998 31-12-9999
T.Jones high 1-1-1999 31-12-9999
N.Brooks $65K 1-3-2000 31-12-9999

9 an o = aa J4 vy 3
A5tk wonn3ing SALARY iiuilaSuenniion annseldauilu
Faau (crisp) Alszina Mienmin1d 1InAI8d19WY NBrooks HINMIADY “middle”
Sut 17171997 uazndanmiv a Sudi 1/1/2000 N.Brooks M@sumstsufudeuiiu s6sk b
o l:l’ 9 A 9 al’ a - o
mssmandoyalmitinalugmdoyn  issnngmdeyaiitlugmdeymionm  fezins
E 4 [}
smandoyai  Iddoyadmilussefiuga (TODATE) w Juiitldiumalsududen  fe
1172000 wazmstiudoyalnil Ao NBrooks HiduAewiiu $65K Huade a Fuf 1/1 2000

14 infinity date (31/12/9999) 1fludu

AoineznanangiasunmgndeslugudeyaBeduius lugthungndoyaiad
a | 4 o o £ a Sapy o N
Fnar  wenmiteninms ldngiisdunnugedeslugmdeyadiduiui lugiluuugudoya
Wanm Ao Temporal Existential Integrity 1122 Temporal Referential Integrity Constraints (-J'Qflﬂg
LY A a - @ @ Y 9 a VI ( 9
Hefuanugndeunudy fe ngisiuaugndeslugmdeyaisdiniuslugluuugudoyn
HAa35mde 151 lugmdoya¥anarssdl Valid Time My 13usae wple duAANS INSERT

£ ad o a a ° a

n3e UPDATE ¥ulunsdifdeaiins INSERT tuple tuian #0313 invalid 19 tuple 1Ay

uaz valid 199 tuple 7 INSERT téh1ni 1iludu
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A13197 2.13 71519 SALARY_MOTIVATION

NAME MOTIVATION FROMDATE TODATE
N.Brooks middle 1-1-1997 1-1-2000
T.Jones high 1-3-1997 1-1-1999
J.Neil low 1-6-1997 1-1-1998
J.Neil middle 1-1-1998 31-12-9999
T.Jones high 1-1-1999 31-12-9999
N.Brooks middle 1-3-2000 31-12-9999

1NA7881971519 EMPLOYEE _MOTIVATION fa3ii 2.13 SrauuAsints UPDATE
{YoyauBa T.Jones 141l MOTIVATION 15 very high TuSuii 1/8/2000 szdidofmuady

fld T-,-lﬂu temporal fuzzy relation 1M scheme Ry = {Ay, A, ..., An, Ay, A7 } Ua% s,
i3 tuple 181 uaz s, 11y tuple fiszniin1s UPDATE &4 s, uae s, oglu rpndnaIdinilu a-
duplicate ﬁdau‘ja inflsksnpx(si [Ak], s; [Ak]) >a

& 2 tuple 151y a-duplicate $1iluAva321TABMS 19 UNION

AT IS A AR 1oAY (similarity relation) T8M319 high U1 very high 111y
0.8 wazdmualia = 07 nan WwRURA  a-duplicate 111000
inf P,(s;[MOTIVATION), s;[MOTIVATION]) = 0.8 > a Fuhwh very high Tihhms
giiloufi high 1y tple 1Audi0n iaznm ideshmsniamunlas imszdoiideil UPDATE

- a = o a o J @ ni
1%'1mum1mi‘lwnsﬂné’mmnu fact 1A WAQANWDLOAIAIANITIIN 2.14

3N 2.14 llﬁﬁQNﬁﬁ'ﬂ‘Eﬂ'ﬁ UPDATE

NAME MOTIVATION FROMDATE TODATE

T.Jones high, very high 1-8-2000 31-12-9999

2.42 waranNEFFaI (T emporal Fuzzy Linguistic Term)
¥ bl
Tuyuwosii lRussilymiumsiansisdoyaiumuazdoyailad Tundveams

@ A o o
famsquannuminoveadeyailadinaauiludunlsamn  auminevesimlsmmaunse
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o @ g o & a
fmuaudaFigauazuaaianyuzlay  Compatibility  Function F1lausIsumaud?
sa a a 2 wad
anuminveamarimiiuAsdmmnsanlasumlasnmmunehlmumanan  sxSenguainiail
U Y ' ' d . A { ' v
1 temporal-fuzziness [11] #706191%1 WRIATH “high salary” 11D 30 VNuAI0GIZHIN 5000-
¥ v
10000 1 usluilegtiuriusiin “high salary” Tdnfaeumlashlanedauduilu 50000-100000
iludu
Tuummnienniugmdeyadamazgmdoyailad  hithinideaulandinsied
¥
AUAUTAYDY  temporal-fuzziness voadoyafladmin  Tasdulngezgnasauuagium
a a d Y (] o A o
auminoveanninniinulugdeyabitimsnfdounlas iesnnanuwnsmluduusn
a Y aw 9 a a A’: A A ﬂ a ﬁ
nefuuIdegudeyafladidaaiu Asmeeanuuy 1 Indanuilueswazainuilu
: ! 2 . i) ;
sssumavesdoya  uazMszuuMsAUMANRAIANINYY  AUNAFIUITOI temporal-fuzziness
$ 3 3 v -~ o Y o o o A
fimdusuiuglassaog luanAdeiivaldimaiaut framework dmsngluuugudoyads
uaasliifiandoyadanu (crsp) doyaiad uaz yuuesdunm uadaliEaanuMIILYR

naimefivate q $rnainldounlaslidae

2421 mORANUGIY

a 9 24 4 o a v L A 4 = a

fienu 1 W viihusavedouidng 150071 universe 1ATAAWUAYDI U AD u Wad
e F ved U udaslasianduanuiluamndn (membership 38 compatibility function)
pp:U > [01]  pp Sonhszdummuilumndn (grade of membership) — F lszmnalay
{ur(u)/u;} Taoh u;el

iorlszansamlunmsiasuazanudolumsFaves 1iaddu g mmasuma

A — L = = o d'
Hi mummmmsiﬂumsmszﬁnmmﬁ‘luauwnTanumnmﬂumin (2.8)

1 when h <2< e
0 whenx<aorx>d

T(x:a,b,c,d) = S when a<x<b (2.8)
d-x

= when c¢<x<d
-c
dmsums1Fnuiansugldmasumanyssiingiisiufe lo < x,a,b,c,d < up
é \ e
%3 lo LA up finvsalvAag (lower bound) HAZYDUIVAVYU (upper bound) mmguns'ﬁ (universe)
o @ v o o [~ a 9 aia w o e -
awdwy agisduinuiiiiuufeveslawuluTusagmdoyaiFaduiug ude Tawune

J d' 3 d' [ aa 4 KX Y = U
iavsamiitiy 1y ldnanuanaoandsifuuenn3iiig  JABIUMVDVIVAVULASYBUIVAAN
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fienu 2 8 F fefladaaves U uaaslaslansunmnunilumndn pp: U - [0,1]

ud1 v is P Wmmsnszeronnumilulyll@ (possibility distribution) ITy U4 U 1My F

§iena 3 (Possibility 18z Necessity Measures) 1 D = {d, d,, ..., d,} Hlulanm
d’ a b4 @ @ = PR .
AugmveslanudoyaFguam  uasld s, Wuanuduiuivesnnundionda (similarity
A o : e
relation) U4 D &4 S, : DxD->[0,1] aniuld Ty uaz Iy Wumsaszareanuiiulyldvesda
o w A v o
wls X uag Y awddy Fudfumlu D uag my uaz my duiladdumsaszaonnmivy g
¥99 X uaz Y awddy msdannuniull1g (possibility measure) fionauniiulil1dndoyn
¥09 X QnO318TAY Y 1A necessity measure Aodoynves X gnosunulan Y fiudsaunsh
(2.9) uag (2.10) MUAAY

su i . » ; 1E7s I
P(Mly, M) = A i'],_)s n(mm (mmx(dy), ”Y(d])) X Sim(di, d})) (2.9)

N(Iy, M) =1-4 ST]’,’S n(min (mx(d:), 1 —my(d))) X Sim (40 4j)) (5 1)

§ieny 4 (Information Inclusion) 19 1Ty uaz Iy 134 2 msnszaremmuiiuly1g

a ad o P
n(X,Y) AoAn3a9 X o informatively included 11 Y Asaumsi (2.11)

Yie, Sup;<j<nlmin (mx(d). oty (d))%Sim (dind )]
N

n(X,Y) = (2.11)

H1 N = Y&, min (mx(d;), my(dy)) w3 K

sup;<jsnlmin (mx(d;), my (d;)) X Sim(d;, d;)]
Sim (din dk)

min(my(d;), my(dy)) =

$ienu 5 (Proximity measure) W ITy uag My 1 2 msnszaeanuiuly1dves
[ o A 4 a s .
danals X uaz Y audidy Fadumlulamudeyaidinanm D proximity relation 4893 X uag

Y uaaInaaumsn (2.12)

Px(X,Y) = min (n(X,Y),n(Y,X)) 2.12)
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2.42.2 huanvesveyansai¥aim
LY Y -~ “ ‘& Q’l 4 .
Juradeiivzatuno uaavesdoyaiadmFwmFaunsouaasldnadoyan b
mivounazdoyaFuim gudoyailadilsznoudrnavesnnuduiuiiad  (Fuzzy

. 2 < 3 a ] ’ v
Relation) Fagrunsaiiy ldnsdeyatimiveunas himivou

% . 4 y
Henu 6 W R={A,,4,,...,A,} iy relation scheme FwAazA;, 1 <i<n
¥ ~ Y v aan J . "
Suniwennsiing dmiuudazuenniing 4;,1 <i <n 921 corresponding nonempty 1Y
¥
finite st D; Bonlawy Tanmaunsadlunslasudeyadaline Tawudoyadnunn
u?aTﬂm‘u%gmﬂmhq(imerval data) fuzzy relation r YU relation scheme R floduIwAvDY
Cartesian product Dy X D, X ... X Dy
o o d - a A = o o & o aa
ANuFULS HFFuIa1 (Temporal Fuzzy Relation) ADANNTNNUTHEFN VO 104A

& . - P
Y94 valid time mamnwga'iuaﬂﬂﬁ'w

fiena 7 W R = {A,, Ay, ..., Ay} i1 relation scheme ¥BInWATUTHIS » 1oZ

aa o 3 {
Ag oz Ar, dunennsiAvenan M Ap, 1aT Ag, i lawunaeandosned; Ry i
relation scheme YOINNUTMENFTT0m 81 Ry = RU{Ag,, Az} ANuTUNUTHFRT

a & a
e gatiouniiu rp € Dy X Dy X .. X Dp X Dp X Dp . %3 D; Wy lawuiaeandoives
Ai! 1<i<n
~ _~a A s
Time-independent key (K,) gniipiniusavosuennsing Fudify 2 time-

independent properties — uniqueness 1Az minimality W Tmaagmdoyaila@zuwm K, Wy

wiveu nazdmsudletana t1a q 921l 2 wple s, woT s, N s, [Kyl=s, (K, ]

= b4 7 eyt ok A a
e 8 W o dusywduiusfs@Faoanu scheme
Ry = {Ay, A, ..., Ap, Ar,, Az} U0 5,103 5, Siugves wple Tu rp s, uaz 5, nan 183 uily
v A .
a-duplicate roile mflsksan(Si [Akl, s [Ak]) >a

& 2 tuple 13y a-duplicate SuiludoasmTaoms 19yiiiou

f29019aUUANATT 19D Employee fo Employee(Name, Age, Salary, Motivation)
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In January 1985 #1319 Employee (usams1af 2.15

5N 2.15 Employecfﬂ 1985

Name Salary Motivation
T.Jones $60K High
J.Neil $35K Low
N.Brooks high Middle
In January 1993 A1319 Employee 1i1f3a 15797 2.16
M3 2.16 Employee 1l 1993
Name Salary Motivation
T.Jones $77K Low
J Neil $60K high
N.Brooks $65K middle

¥ g P
HONNSTIA Age iz Salary o19iifuldamFay (crisp) wiamilad Tavluniilee

e \ - _aa A a L] - =4
snetes e uueNsiig Salary Faunalidrsvenuaouludl 1985 il $10K-$70K

uaz sl 1993 1Hu $20K-$90K msulasunilasiiorniinasemsulannumanoveq Salary Hidlu

Joyaady

v A v @ PR @ o ' P Vi 0
uuﬂﬂﬂ']'l'UaHaﬂ*‘l‘ﬂ‘llﬂﬂ')ﬂu%ﬂl')ﬁ'l"llﬂﬂﬂ‘lqa’lg”ﬂ:nﬂ"1nﬂllﬂﬂ9n~1ﬂu

fethasu  AlsemaARnFuYee high salary Wil 1985 wag 1993 seldangmsi (2.13) uaz

2.14) mudau (gl 2.19) @efinfe temporal-fuzziness

$nigh_salary
1.0
1985 —» - 1993
0.0
20 40 55 60 75

Salary (x$1K)

71 2.19 AMNBYBA “high Salary” Tl 1985 uaz 1993
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0 if x < 40K

T(x; 40K, 60K) = { (x — 40)/(60 — 40) if 40K < x < 60K (2.13)
1 if x.> 60K
0 if x <55K

T(x; 55K,75K) = { (x —55)/(75—55) if 55K <x < 75K (2.14)
1 if x> 75K

HONNSTA  Motivation ABMIATFUUD  subjectively-based hil¥msdauny
objectively UARZANIINANUAMTHUYDIRFUNAMTAL iipannanuminevessiulicnsald
SEmsunuReIfus ey Age uag Salary 18 lugudeyafss miladsiaiez1#35ms
44 similarity relation Tanin@Andezimua 13 luTawuiReiu o nalanamils uafidlely

-y ) s 4~ ~
&neznlaoumlas Tmuna asuddunamsal nSenlasundnms)

2.4.23 é"aaduuaaﬁa‘%ﬁanaznﬁaéu‘luqmee temporal-fuzziness

Q1 : When did T.Jones earn a high salary?

i']agnwmﬁa‘%‘ffﬁaQﬂé’nﬁmm'«m “high salary” Nl user auly Sreule & nm
gy msuannumineyes fuzzy value wldladduiiduilegiu dodadu MHided u
31 1993 92 1¥aums ) lumsalseiiiy salary ¥84 T. Jones lundagil naanii laae il 1985
1&an3uea “high salary” 1T 033 uaz Tt 1993 1dauilu 1.0 uaddre ) o paniu q #
v 1¥aumsveananiu q anadnd ao il 1985 18mAns 1.0 (Teeldaums 2.13) uazhidl
1993 14 1.0 (1Faums 2.14))

Q2 : Whose salary in 1993 is much higher than in 19857

Anld fuzzy comparator (much higher than) c‘?aej«mﬂ“lumsﬂmﬁummﬂmu
a3ls F'\mnms1nlammvmmﬁmmﬁmﬁi‘lﬁ‘liﬂmu1lﬁawm’f|ﬁ'1 Compatibility Function

Q3 : Was N. Brooks’ salary high throughout the period 1985-1993

» >
A3 wiinil 1i18A0INsIABIRIABY yes M358 no AABIMSIIN true AIBANIIN TN

2.43 Yoym¥uaW ¥ (Fuzzy Valid Time)
b4 = Yt LY Ao ; 1
msisingeemnvesgudeymFwmeen iimsmivayuszouaunsuiwialung
¥ o a : a a { v o v
vosdoyauazna  ednlsimumuudgivduduvesnnudiFinariimiuin (precise) linulu

' 4 ' 4 o
ﬂ’JTIJﬁ1’Jﬂﬁ1‘IIt)Qi$UUQ1u1HIJ 9 HaZISUUNYIYRAIA %Y FITUVATAUNANYINY
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1YY INTIU vioonss anufiFamveungmssivzaquinie (34 Uszainanie 2 Twa) anw
aquindetiowl¥nmnsssunalumsuaasdeya um'lﬂm'n'i"u'_luTanuﬁmﬂuﬁ‘lus?q Joya
n%mmgn“h’s’athqaztﬁaa"lumaﬂﬁzﬂumiﬁ'amsﬁﬁmmﬁﬂmju Fotry  szloaiin
ypuEmihauiinm 800 u. e Faiuhisuiudemnemurineruuauiine
Tuanse udeeziihy 7.55 u. w3 8.05 u. FwmAnivesmsvensy dniulumsilszinann
sow-fasufingamadsiimssansuuutangulunsdomsmngannnly  environment
YoINNWFITIIAN

uAaveIa AN ING Ay IuFIAve U é"nfuﬁuﬁaﬁssumﬁé«mmi’ﬁmm
1Asuanudeamsetannlumn computer science, business, engineering, psychology,
philosophy 1182 linguistics  1UM13 business AIDYIUFU 51ﬂwmﬁuﬁﬁmsm?}uuuﬂm
aapanm  FeduilufissAesanas Tnsaunguniliuuussiagnuioanagninisamu &
Engineering  1U3ZUUIMMINIAINTTNA I NG iguires agna Iy IAlADZIDANAYD
uesmaiaoualaallaunm  #n Psychology  tinsninufrdesndinniums
wasunlaslugluuumg@nssuvsayanaaunm othaamuagananudasdannudiiey
yoana FadanyI8ielud disan aw uazluwans q man

91 msierue TmaadoyaiBaant [91,10] $ond FuzzTime [9] Funannsoudn
gousndomanisehiiuiad mfudonamiduilad FuzzTime aunsasamsdoyal@italu

wdvesnnuiludaduaznm aesdnuaziiszny ldandou q fulunaio 9 szuvau

2.43.1 uaiAduiem

adi Limiveuvesnaamnsosenmulasiasaade fifend  quaniadm
1Fnan éqﬂs::nanﬁ’w 2 DauA fio approximation of the duration of time {IQ% time interval
with two fuzzy bound SnfuTasnadiiioaaldin fuzzy time point Uag fuzzy time interval 3

o a o &
msfmuaiiouaae il

fienn 1 quaiag i o 2 wple <[s, el, C(d)> ¥9 s UAEL ¢ AD starting time
point A2 ending time point AMNAIRY FUNUAIY fuzzy natural number M30AAD AOY WL
[s, €] 404 2 tuple ADIVLYDIVOUIYATS 1ALY523NWUYDY time interval uazADY INLWITDY 9 fiD
C(d) Yu#i® duration constraint uBN¥szvzIATIT 1114V interval TAvfi ¢, <= d <= ¢, &
¢, UAT ¢, AoSwWMANTINNNT 0 nneanuhgszesnaiiihuy1dves interval 713

HHUBUABMSTNIN ¢, DT ¢,
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Binary temporal Constructors

TumeuvesgmudoyaiBaiar Union 10z Intersection §M500I1 binary temporal
constructor #9ABa1l5zno1 11§20 2 fuzzy time interval Faszyy 1R TAoEIAUTAG T HAz
Han interval Inaipemn Iusuusmivaziionlunsdif time interval yhumiveu Taodmuald
2 interval 1iu [a, b] a2 [c, d] i overlapping ('ﬂ?ﬂ meeting( >4)d 115 UNTAUVDI union UL

b o =
operator mmu“lu;ﬂtmmma membership function AIAUNIIN (2.19) LA (2.20)

? =
¢ q
> 1
: 1 ifi=[min(a,c),max (b,d
Habjufca) () = {0 AL \ tgler;ise (b2 (2.19)
p 1 -His ,¢),min (b, d
Uiapinica) (D = { 0 o [m‘:.tcl(z‘;r\gis?m (&, d)] (2.20)

& ° 12 . .
921 11104 fuzzy time interval

- 7 r £ a e a
finn 3 W e, uaz t, @ 2 fuzzy time interval Fatiow 18 Tasgaauind g
M ts, oz ts, Awddy W T iy universal set Y09 precise UL valid time interval (&2
P ' A a 31 A ool . ¥
Ts, 8Ts, %1 6 € {UN} wnmuieiivwldndoin  Vivj €T, ([J‘I(Tsm)(l) > 0) A
(”‘I(Tsm)(i) > 0) - i0jET
AUUAT union 1A intersection QATILINAMINTNN 3 ANUNITVDININIUIL Y

»
aasie il

finu 4 Weg, uay to iuguauniAd 3001 ¥09 2 fuzzy time interval oz 1
T 111U universal set U9 precise LA valid time interval qwi,jkeT 1&1 operation T, 0Ts,
£ a o P
%9 8 € {U,N} aWTOUNUAITUNITN (2.21)

Ha(rs,,075,) (D) = iu]?ekmin (i) U a(rs,) (D) 221)
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2 4 & =
NNTOW 4 @30 derive Matfaves Ty 0T ¥ 6 € (U} ldAserums

(2.22)-(2.24)

su,
”start(TsmGTsn)(ns) (=3 n:’ #‘I(TgmGTsn)([ns, ne]) (2'22)
#end(,’.smersn) (ne) = s::sp ”ﬂi(’l‘smOTsn)([Tls. ne]) (2.23)
sup
Haur(ts,,07s,) @) = d = n.0On, “Z(Tsmorsn)([ns- Hal) (2.24)

2.43.2 FuzzTime: A FUZZY TEMPORAL DATA MODEL
o In539519992 FuzzTime
4
luhdeiiwnandilueadeyaiFuialednseionin FuzzTime Inssadn
: ¥ a o o JIa £ @ - a Y] a
Y93 FuzzTime vowinlumadeymFduiuinonliuaasldisdoyaimunasdoyailsd
4 ' 4 o @ aa Jd
#3luTuaatl relation scheme 1520011 11ld10 3 AouTmuud Ao wasiHavoENNTLIA 15
o_w so & @ da v aa I | =
$iavesvoslawy uazianFudaduNu A uuAazeNNTIA 1Al 1UAB  temporal relation

scheme R fionanilu 3 tuple
(A U AT' Du DTI dom)

& o o 4 e o el
¥ AUA; folrasinavesyouennsiog D U Dy Aemaiinaves amu
= X 4 ; B 4
doya Waridu dom Wude (dom(A) = D,), %1 A€ AU A; fovouomniinauaz Dy, €
=) aa % o o v o w aa o

D U D; #91amuvunudnniiing 4 uog FuzzTime 19AU0g luaasiiavewensiogn Ay
Tu scheme tazimaniiily implicit attribute (@3990 explicit attribute ) Usznoudsuenn
?ﬁ’]ﬁilﬂﬂ UIUVDY reincarnation, starting time, ending time, lower bound, upper bound Y83

constraint %3170
Ap = {ArrAs'Ae' Al:Au}

%3 A, fi® reincarnation attribute Ag fio starting time attribute A, fio ending time
attribute A, i lower bound attribute 1A A, fio upper bound attribute 4 uann?ﬁ‘:ﬁqaﬁ'w

naawamud luTnsaad1aves temporal Howluiionw 1 waveslaunaoandoves Ay Ao
Dy
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© 11112AAYBI Key
. . 4 g Jda o Y 3 gy v

Identification ¥o38puAAnud ARy lu Tuaadoyauns FuzzTime 0 lioniiu

time invariant key(TIK) i.’f‘lll‘liﬂi]ﬂ"?lﬂi 1wiilu key U84 snapshot relation Y99 temporal relation
A o @ ﬂ - [~ g o = oS e ° ﬂ & 9
nsoNUAWIINIAMIIIY id YBIDDUIINA (tuple) 1U snapshot relation AUNUTUIUNITABA
AUUA time-invariant key attribute Y84 relation scheme M FuzzTime 1Wum precise HUAD term
Y U Y & = = a
set voamnTumiuaain (T=¢) Tumsmiuayums reincarnation ¥0IBOUIIAA TAIAY
. - v x =) 4 a 3 & 3
implicit attribute 78 A, @aiianuduiluly relation scheme lumsszydmauvesms
reincarnation (1¥M ASUIN A3 2 uazae q 1) AWIUNA 9 temporal relation IFAVDULD
aa 4 1 o =l 4 @ a J
N3¢ TIK U {4,} iU key 1 unique 1u tuple 88131sAnuil constraint Nchynavulu
» .

yueail Aesiuvziiany1iBouidnd lia 1150 reincamation Yz UGN valid Aagas 1A t,
o t, 15 2 twple 1 9 14 temporal relation uaz Ts, was Ts, (ilu 2 guaniadnaduia
<[tladuladlulal <d stfa] > wer o <[L[AdtlAdLtlA) <d <

o w s o ayd
t,[A,] > MUEEY constraint sziiludaiife

If t,[TIK) = t,[TIK] uaz t,[A,] # t,[A,] then Ts, N Ts, Titivwuam

"o 3

® Goena

ﬁoadnvmgm%gm'?nnmﬂﬁiﬁi‘lu%ymﬁmﬁuqmngﬁ‘umﬂu'lﬂ’:' Tav#i
i’n’egmﬁaiuﬁ’quvi January 1, 1998 Fuuszaun@liithu o Hidoandoafy January 1, 1998 uay
granularity fio day I Patient 1114 relation scheme maagmi’u’agaﬁw A = {Name, Temp} Tawu
yoIaDAENNITIATIAD

dom(Name) = {x|x is a patient’s name}

dom(Temp) = {35.0, 35.5, 36.0, ..., 45.0} U {too high, high, medium, low, too
low}

{ipa9INenN3iing Name griaueiilu TIK Attribute FotnandaRans i
2.17
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M1 2.17 uaasms e iy udoyagara ey

A, Name Temp A -A, A, A,
1 John 35.0 0 ~6 S 8
1 Jim High 45 ~50 5 7
1 Max Medium 47 51 5 5
1 Nick High ~50 ~50 1 1
2 John 39.0 ~25 ~30 6 6

nﬁmjuuaé{'ﬂ%ﬁauun explicit attribute (UAD Name 1102 Temp) unzdaydnyel
~ UBNEY term VY9 around AIDHINUYU ~6 AB around Jan 7, 1998 91983 TuMTAIBE 11U tuple
13N temperature Y04 John A 35°C 521313 Jan 1, 1998 HAZ around Jan 7, 1998 HAZTIUIUYD
SuRNT temperature 1170 5 1Az 8 Su- 8t131sfa1 temperature vouVIN A luBAMAITUTA
WuauAin'3 (reincarnation) tinziiarangly tuple qAMID. temperature YB3 Jim Ao high 1Ty
1981 5, 6 W30 7 JU 52114 Feb 15, 1998 112 around Feb 20, 1998 tazdatnn 16311y tuple il 4
uammegmsmﬁ;ﬁﬁi‘fmﬁu time point 11410 Nick i temperature high 1131 around Feb 20, 1998

anumnovsami i Assihs s

M(high) = T(x : 37, 39,40, 42)

]

M(medium) T(x : 35, 36, 37, 38)

]

M(around Jan 7, 98) T(x:4,6,6,8)

]

M(around Feb 15, 98) T(x : 43,45, 45, 47)
M(around Feb 20, 98) = T(x : 48, 50, 50, 52)

4 o 4 4 o 4
4 T(x : a, b, ¢, d) ADMINFUFITMABNAIHY AsarumsN (2.26)

1 when bSsx<ct
0 whenx<aorx>d

T(x:a,b,c,d) = o when a<x<b (2.26)
& when c¢<x<d

a o v d' v ¥ LY eq v A ar A
1nauItea g Ananmdedumsiannaunedugudeyaldtidoniosiun

1 A 9 a : 1éla av o (] v d1ﬁ‘= aw o @
wiseagmdoyaduwaniuldimsIeRannedannune ApInn lAinans IWunuIf
A 5 .
gdoyailad uanunnfavesmsiszgndimguiladinlFlugudoya TGN

' £ A A
m1ummsn1um'snanﬁumﬂam'mé’fﬂqmwmﬁﬁl‘ﬁqmmmm HAZINBINUANUT I ANTN
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'
Qawv Ao

A 2 dyya > a d4 & v ﬂ ” 4
gadun Idiaudseniimssaumaaeanfativun - Funildilunaodszaanaaninaunly
» v
waderun  aisedu Inghiuldauuaguvesnnummoveanain hitimsnlasunla
A J a a A a & a d’o Yo o
aunauNehsAaems Iz luuugwdeyaaFFwian Feeuuagruiilddadulanves
anuiiusseeg  vnzanumnovesmninmivhildnsimilowduaneanm  wu A
a U v a = 4 prrps =1 Vet 4 v
AU dezaanhitwdeugalusdaiie 30 Tiudr asegnlszana 23 nilwumualy
o a A 4 v A et -
fapiutuidouguivewszuanh 5 nimudr  Siszuyhiimsnasuanlasnnuming
> * v k4
ypanminmyuas ez idszuminulannuminoAanaia ldienamlasunladll daiuly
a o 3 » il 4 - a é
amAsviisazvexaiuhlfuses neinfeFiFaiat (Temporal Fuzzy Linguistic Term) 9
a e -5 d’v a9y U
IuiSesiidalidouegun
Tuunda lliimsesemsesnuuugmdoyaitadiFauim luyuuesvesdldanu
o d' 9 9/ = a a e 4’ L3 3
szauhszadngudoyauugmdeyaitsFsuan luauiveil TABISHAAIRIDE VDY
> 4 ﬂ Y ¥ 4’ v v - ¥ & oy - o
gmdoyn EMPLOYEE &uiludiegnfiugiuedndie e liiuifanounszilleenuuy
s ~ d'i g 9 v P v o d’ To & <K o
fuszuuesadu 9 uazmsvamsiudeyasn q Tasndldszauiieslusiladameinuves
> >
suumoly  ninmiussszesuisludivvesszuumely  AAnsesnty Meta Knowledge
A M @ d' ’ - M H
Base suilududdgiegmeldgudeyadadizuia dludavidunnuivesszuy

3 £
gwdoya uazmsilszmnanamdaningldszauil
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MEH3VIAN5UBYA : TFSQL

A ] s a 3 &

nnunimane drutegduuvessudeyaisdmFialugiuundi q Fegduun

Hq a a & ik e A ¥ aa a da 7 a a
flusneniimusatiuisinavedegudoyailadiFiom  wilaninndnmfledidudm

A a a ° o v 3 o
& e ldgnuuvesgmdoyailadiFinmidesmsiuauonds  dniuluumiialdinaue
@ a & ' 4 g
mmndmsugudeyariiailldunn1u TFSQL (Temporal Fuzzy Standard Query Language) 91
fonmndmiugmdoyailadiwrmdmivianmsdoya szapudomdsdmsuaing

o & ’ o Q'O

gudoyn  Sansdoynadalfun insert, delete unz update unzfrdalumsiSongdoya (select)

t:l’u A a 1 '3 o g o o v = &£ (3 o
wennniigldmuAn ludugamdsdmiumsiamsfumiladane  q  Feduiludmivms

o = v J dd‘ = 3 9 = :; o ::’
MAUAUYTUAN €| mam‘tﬁ%m:mmu“lugmﬂmy‘aﬁmﬂmzmmuau

o v k4 a A
31 ﬂ’)ﬁtl1~‘l§1ﬂ’llﬂ§!ﬂﬁ°l‘ll‘lﬂl’)ﬁ1

Y U 9 oS a o 4:‘ o $ L3 v
fredngudoyaisddum Idinauefedugmdoyn EMPLOYEE ailudaod

¥y
= ¥

v’ » 3 o Q' @ i é
Augmedhaminzuamseiinsluszausudu  Taseonuumniadanin 3.1 aadiulallu

@ a W A e g = W Qs o
SnvaizmseenuuuBeing wesmnluanAtelildpudeyaFeingduiug

EMPLOYEE
= n
LENAME
 BDATE 1
R - DEPARTMENT
LTELNO : temp -D#t %
LADDRESS : temp -DNAM
LSALARY : tempfuzz 1 1 |DLOCATION : amray
| MOTIVATION : tempfuzz . ——<Ref> MANAGED EMPLOYEE E# : temp
L<Ref>SUPERVISION EMPLOYEE SUPER# : temp
| <Ref>WORKS_FOR DEPARTMENT D# : temp
1
1 2 b
WORKS_ON - e
n |<Ref> WORKS_ON EMPLOYEEE#:tempp 1
VALIDTIME | <Ref> WORKS_ON PROJECT P# : temp o
HFD : Date -HOURS : tempfuzz  BUDGET - t
(TD : Date FVALIDTIME | <Ref> CONTROLED DEPARTMENT D# : temp

71 3.1 Modagudoya EMPLOYEE




55

sznoudionaravdn q 3 aaid Ao

e Aad EMPLOYEE ilunaiaveamiinau 1sznsudlousnnsingan « fe

©)

@)
@)
®)
®)

O

E# ABIHAVYDININI

ENAME fo¥punamina

BDATE A TUINAYDINTINITUY

GENDER fADINAvDININaIUl

TELNO  #owed Insfmiveaminny  luuennsindifanal (Temporal
Attribute)

ADDRESS fofiogvoaminau iluuenn3iiadiFann (Temporal Attribute)
SALARY folwdeuveantinny HuilaFuennsindiFuiar (Temporal
Fuzzy Attribute)

MOTIVATION fAeanunseaniaiulumsinuvsininay Ao

HONNS TIAFUIA (Temporal Fuzzy Attribute)

® Ao DEPARTMENT iilunaiausaurun 1J5enousioiennsingan q Ao

O
@,
®)

D# ADIVAVOILUANUN
A
DNAME fiD¥8vaaupun

DLOCATION fafiogvanun iususduonniiog

e Ao PROJECT iunaraweslisnnd 1sznoudiouanniinaie « fio

©)

©
O
O

p# fesiavealusind
PNAME fa¥sv0dis1ana
a8 o
PLOCATION fiofiagvealilsiond
BUDGET sewlszanaveslisiond  SluaguenniiadiBanar (Temporal

Fuzzy Attribute)

v o d v S o d"
ANUTUNUDISHINAAT UAIU

® WORKS FOR flonnudunuiszninnara EMPLOYEE funad DEPARTMENT

111J1) many to one ni'lumwﬁ' PRUTIFIIN (Temporal Relationship)

® MANAGED feanudunussenIaaia DEPARTMENT funald EMPLOYEE

1111 one to one rﬂummﬁ uﬁ'uﬁ'ti?mm (Temporal Relationship)
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® WORKS ON feanudunusseninaad EMPLOYEE fiuaaia PROJECT Uy
many to many 1UANUFUNUTIFUIAT (Temporal Relationship) Hazinenns g
HOURS ilufa@1enn31iaa1¥a13a1 (Temporal Fuzzy Attribute)

® CONTROLED foanudunuiserninnmd PROJECT funald DEPARTMENT

{111 many to one WuanuduwusiFam (Temporal Relationship)

° Q'l ° [V b4 k4
3.2 MANAINIVATINGTHYdYa

dmiugndoyailsFidnarinnimuiizldhdadasiavedouind  (Object
Type) tivewsonhlgmsadumsn (Tabte) Whilumidaadne FTIYPE dwmiuadnriaiad
4B80UITAA (Object Fuzzy Type) ioins oy lilgirdsad19m131900% (Fuzzy Table)

»
o

fdaadriiadadvesdouind (FTYPE) Whuhidegnuudde i

CREATE FTYPE <fype_name>(

attribute_namel attribute_type,

ref _attnamel REF [TEMP)] relationship_name ftype_name [1:1],

):

a A A a - [-J [- 4
TaoN  fiype name AD¥OVBIFNANFFUDIDBUIIAA
A = a
attribute_name ABFOUDADNNIUIA
o) aa J [ an o
attribute_type. Ap¥iAvOMENNSIN  dmSnuennitimsimezszpiiu
TEMP OF ype Hauonniiamsnarssypilu TEMPFUZZ
~ A an Ja =
ref _attname ﬂﬂﬂﬂﬂﬂdllﬂﬂﬂin’)ﬂmﬂuﬁmﬂ reference
relationship_name A0¥OYBIANUTUNUT
& A = a [=J 3 oa a =S
fiype_name fio¥ovoartianaFvoidouanandess v
dmfuwiia REF Suiluauduiusiuumdanaesssy TEMP dennfdiiia
REF oz uihunnuduniusin one to one 4332y 1:1 Mindsgadie

o ' Vo a - [ 4 <A
fvgams l¥mdaariaflaFvoidouIna¥e EMPLOYEE_FTYPE
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CREATE FTYPE EMPLOYEE_FTYPE (

E# NUMBER,
ENAME VARCHAR2(20),
BDATE DATE,

GENDER CHAR,

TELNO TEMP OF VARCHAR2(10),

ADDRESS TEMP OF VARCHAR2(50),

SALARY TEMPFUZZ,

MOTIVATION TEMPFUZZ,

SUPER# REF TEMP SUPERVISION EMPLOYEE FTYPE,
D# REF TEMP WORKS FOR DEPARTMENT_FTYPE

deaduriiadaFvedoudnauds  sxl¥mdadmiuasa FTABLE 91n FTYPE @4

sunuuaelili

CREATE FTABLE <ftable name> OF <ftype_name>;

1atf  fiable_name fAo¥ouDI 1519 AYE
A A a a o 3 a9 9 ~a
fiype_name Ao¥oVDIFUANFFVDIDOVINAANABIM AT 1IN WAFS
frogams 1¥midaiams ulsdve EMPLOYEE nriadsFvoIdoudInd
EMPLOYEE_FTYPE fio

CREATE FTABLE EMPLOYEE OF EMPLOYEE_FTYPE;

° Qzl ° w ¥
3.3 AMAIEIHIVIANTIVOYD

o 9 dy =y Q n'; v @ o c'a
Tuwadeiiszetinemdinn  q dwiusansdoya  Uszneudiemids INSERT,
»
DELETE 1a2 UPDATE #aae 1l

. » ¥
Note daufioglu[..] swwseyndeliszyld uduannudesms aulumdaiu g
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3.3.1 INSERT

°

Q'l =t I3 ﬂ'l o v d’
Ada INSERT Tigtunumdadase T

[VALIDTIME PERIOD [from_date, to_date))
INSERT INTO <ftable_name>
(columnl, colomn2, ...)

VALUES (valuel, value2, ...);

v v ¥
1ol from_date URZ to_date ABLIDNTHAUNAZAUGAVDININITIVBITOY DM INEIAY
Tasludmves [VALIDTIME PERIOD [from_date, to date)] S13219eiilu Current
Insert uAt liszyaziiuuny Sequenced Insert MUHIAAFUIN (RINNANN 2.3.4.3)
frable_name fo¥ov0IM 3 1IN E lugudoyadaRngaim
A A an Jdy \ v
column ADYOYBINBNNTTIANADINS insert MUDYA

il a9 5
value AoMADYaNABINS insert
» 4
#20619M3 insert doyaMminaIu fin sHAmInIIM, Fominau uaziwAou uaAIAIl
INSERT INTO EMPLOYEE
(E#, ENAME, SALARY)

VALUES (1, ‘John’, SMEDIUM);

33.2 UPDATE

. 3 b 4
fda UPDATE figalunusdadanealil

[VALIDTIME PERIOD [from_date, to_date)]
UPDATE <ftable_name>

SET attribute_name = new_value

WHERE <condition>
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Taof  from date Wo% to_date fONANITUAULATAUGAVDITEYANZIIIMS update
amddy Tasludiuves [VALIDTIME PERIOD [from_date, to_date)] S1szyaziilu
Current Update A iszyaziiluium Sequenced Update mutiwafiai¥annat (@uivana
a
123.4.4)
A = -~ a

ftable_name fAo¥ovoams e d lugmdoyaiadisuia

attribute_name AD¥DUDBNNTIIANABINS update A1FOYA

new_value ﬁﬂﬁ?ﬁﬂgaiﬂﬁﬁﬂz update

condition Aodou 19v09M3 update
b 4
#200719M35 update IuABNYBIMTNOUTITE 1 19T APPROX 24000 eraadail
UPDATE EMPLOYEE
SET SALARY = APPROX 24000

WHERE E#=1;

33.3 DELETE

fda DELETE ijdupuddsdene Tl

[VALIDTIME PERIOD [from_date, to_date))
DELETE FROM <ftable_name>
WHERE <condition>

Yol from date Waz to_date ﬁanmn‘s;uﬁuuaz%fuqmm%’aga"v’hzmms delete
adwy Taoludauves [VALIDTIME PERIOD [from_date, to_date)] Sszaziiiu
Current Delete 1At hiiszyazafiuiny Sequenced Delete MuiIRATIIN (QEMALH
2.3.4.5)

ftable_name fo¥pvosmsniad lugmdoyaiadizouim

condition oo luuBams delete

A700°9M3 delete Foyailegiivveaminausva 1
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DELETE FROM EMPLOYEE

WHERE E#=1;

o Q'J ° v o ¥
3.4 mdadmsuisengyeya

dmsumsiGonadeyadmiugmdoyaiamFuim tuwfmFataifie  Curent

A S o o v d’
retrieve #ailumsisongdoyammzdoyailegiv W ldaguuude i

SELECT <attnamel> [, attname?2, ...]
FROM  <fiable name>

WHERE <condition>

) 4 pt : ) o\ o 4
12 sequenced retrieve FALUMsSoNgdoyanIuTINNMNUA (QUINNANH 2.3.4.1-
2 g ; . 4
2342) Feonezihyi@isdoyaiidiuodn ey wieewnn  Taumsldfdiise
IR
VALIDTIME %91 SELECT Snuilunindosmsuin sequenced retrieve  avzudasdoyayn

granafisinglugmdeya duhiRagduuvaelai

VALIDTIME SELECT <attnamel> [, attname2, ...}
FROM <ftable_name>
WHERE <condition>

Taof  fiable_name Ao¥ov0IM 3 NHwE lugudoyadadiFurm
i P | aa Jdy =
attribute DYBUDAUBNNI LIANADINIIISUNG

a4 = ¥
condition otou lvyeamsisongdoya

uazﬁmiuumﬂmmﬂmmxu ﬂﬂmﬁnmsmmsnmqau‘lwmmsmsxﬂuﬂmw B

A e \J o
stuvvvesteu luilugse i

A@Y [THOLD threshold]
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A0Y Aoitouluila® (A Aeuenm3iiadvesiiadu Y Asuenm3ianou q niessyiium
P @ ' v 4 v " o
wileq naz 6 AedanfSsumsumaiadan 9) uaazieoulvlad vzuaasn threshold MR
» ¥ v
sdearudouluiu q dwmanianudiullld (possibility degree) dgviBENgAMIIUM
& J \l g e J . =S v

threshold SafisnTusna [0,1] Tael¥Adiisa THOLD Wudszym S'hiszyszlimareadiu
1.0

s U 1 = v o d'd P a -~ £ v

fothasy  Bengdeyaveaminaunimidudenilegiui HIGH  Tavszym

Y 3 - o \ d
threshold veitou lutimii 0.7 Taoldmrededeyaninmsin 3.

A13199 3.1 A15719 employee

E# ENAME SALARY
VALUE VALIDTIME
FD D
1 John MEDIUM 2008/1/1 2008/7/1
APPROX 24000 2008/7/1 2008/11/1
MEDIUM 2008/11/1 2009/10/1
HIGH 2009/10/1 9999/12/31
2 Peter MEDIUM 2008/7/1 2008/8/1
HIGH 2008 /8/1 9999/12/31
3 David LOW 2008/1/1 2008/3/1
MEDIUM 2008/3/1 2009/1/1
25000 2009/1/1 9999/12/31

SELECT E#, ENAME, SALARY
FROM EMPLOYEE

WHERE SALARY FEQ $HIGH THOLD 0.7

v ¥
e

o a o P & s aa Jod ~ aa J
HAANTVDINTIAITUUTAINAAIANTT NN 3.2 “lNihHi'lJllﬂ'nﬂiU’Jﬂﬂlﬂﬂﬂ“K“lllﬂﬂﬂiU’m

s
4t '

-’I 9y <2 A A\ \J \ )
%Y FZUTAIMANINFIUAM threshold voudou Tuindreiudluaunns




A519N 3.2 NAANTYBA current select
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E# ENAME SALARY s DEGREE
1 John HIGH
2 Peter HIGH
3 David 25000

HasHIDE19d M3 sequenced retrieve 19U ABIM3sdoyaveIminURTmSARITIY

‘HIGH’ ¥ rnmisinglugmdoya Tauszy threshold vesitou il 0.5

VALIDTIME SELECT E#, SALARY

FROM EMPLOYEE

WHERE SALARY FEQ $HIGH THOLD 0.5

o = H o : A ' )
Nﬂﬁﬂf‘llﬂ\lﬂ’liﬂ’ﬁ llﬁﬂ\!ﬂﬁﬁw’iﬂ"i%‘lﬁ 3.3 FIUAAIN valid time 'ummnmﬁau tas

v a4 ad ’ ) 4 Wi\ il iy ﬂ a A a
HAAIMANINHIUAT threshold ﬂﬂﬁlﬁﬂull‘ll PIDNVISIH U N YIINWAD UV UITIYNHUI 3193TY

anudul13lums 1I8mans nauiou lvuanadunaleyiaial  §anAn valid time Y09

va a o dd 4 ' o avar e o v >
AANI ‘VNum‘uB\Imil‘lﬂﬂ’n1mu‘w‘llENm‘w‘nm1H1ﬂﬁﬁmuumilﬂaﬂwlﬂad B FIUIATUU 9

=
NoA

4 o o
A13190 3.3 HAANTVDa sequenced select

E# | ENAME SALARY SALARY_FD | SALARY TD | DEGREE | DEGREE _FD | DEGREE_TD
1 | John APPROX 24000 | 2008/7/1 2008/11/1 i 2008/7/1 2008/11/1

1 | John MEDIUM 2008/11/1 2009/10/1 0.61 2008/11/1 2009/6/1

1 | John MEDIUM 2008/11/1 2009/10/1 0.72 2009/6/1 2009/10/1

1 | John HIGH 2009/10/1 9999/12/31 | 1 2009/10/1 9999/12/31
2 | Peter HIGH 2008/8/1 9999/12/31 | 1 2008/8/1 9999/12/31
3 | David | 25000 2009/1/1 9999/12/31 | 1 2009/1/1 2009/6/1

3 | David | 25000 2009/1/1 9999/12/31 | 1 2009/6/1 9999/12/31
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3 Q'I \J o 24 g k4 E; “ Y s \J =
3.5 AMaAN 9 m‘ni‘unﬁimﬂﬁalagamnﬂwmﬂumﬂ%%

° w o a 24 vy T v @

dmSugndoyaisdiFinm  Feygaliinsldadeyaldismeimiomdaim

U 4 &L 1A 4 = v : °
(crisp) AMINHeF uazaszna Fsamidumainuilad wazanlszinaniu duilu

wAnslinuanuvng IMszunisntuaumaniu

3.5.1 mnarmuiad
a s a = ¥ 2 o o
gnilownumnoTasManduaindn  (membership function)  AdAsdmiums

fmuamilansuaindndfumwaninmfladla 9 dul)dsgluuude Ty

MEMBERSHIPOF <attribute_name> <fterm> <fcode> <function_declaration>

[<lfrom_date, to_date)>};

fethusy  SmuamansudinSnvosmwesimyINad HIGH  vauennsiig
SALARY

MEMBERSHIPOF SALARY HIGH 2 trapezoidal 15000,18000,20000,23000;

v F 4
asud lvdoyamiidsumndavesnmainuied Mmdedagiuvuselii

EDIT MEMBERSHIPOF <attribute_name> <fterm> <function_declaration>

[<[from_date, to_date)>};

fretaru msudlusmilagiuvesnmeinufad HIGH

EDIT MEMBERSHIPOF SALARY HIGH trapezoidal 16000,19000,22000,29000;

v ‘ t 4
amsaudeyamilenFuminFnvessmuinnied Idmaedsgiiuuse i

DELETE MEMBERSHIPOF <attribute_name> <fterm> [<|from_date, to_date)>];

fethausu audeyasmuiinnilad HIGH luuennsiing SALARY

DELETE MEMBERSHIPOF SALARY HIGH;

A ~ - é an o
Taon attribute_name f1I9¥DVDIUDINNIUIA



a v o I
ﬂll'nfﬂ'llﬂ»lﬂ'lﬂ‘ﬂuﬂ'lﬂ'lﬂ‘l%

frerm fommnIMu I

feode ARFFvBINNIMEIAYE

function_declaration A0 alpha, beta, gamma 1Az delta AvwdMIVH AT

[<[from_date, to_date)>] ABFIIIAMN

dvamsnszihinudeyailegiiv

Ao

amsnsgiiudeya

f'lildden

" v A a : §
arumneveamiladaa q aflFmuiluauionndhihiu - aunsofsusengdoya

¥ b od »
maninld dmsumsBongmilaidumndnvesnmainmniadan q wu M¥mddegiuu

aolalil

SHOW MEMBERSHIPOF <attribute_name> [<fterm>];

A aa 49 v 7 o a 4 ~
fszymmzdeuonniinandemsganlandudinsnvoanninmilad

manTu

anFnveamaimniadnnsmegluuenniimiuszuaaiesnin uadszsynmuninmilad

< o o a v s Ao
é")ﬂ ﬂﬂzuﬁﬁ\uﬂ"nz‘ﬂiﬂWﬂu’lfﬂﬂﬂQﬂ’l“9“ﬂ1§1ﬂ%*“"1ﬂ155$u

F1E1UTY AR NI NI IASTVBBNN5 DI SALARY

SHOW MEMBERSHIPOF SALARY;

HOANBUAAINIATIIIN 3.4

P o o o a 1 o = )
M3 3.4 naasraaniveamsldmdasongdeyavesrmaimuiladn o

LABEL TYPE ALPHA | BETA | GAMMA | DELTA | FROM_DATE | TO_DATE
LOW Trapezoidal | 10000 | 13000 | 15000 18000 | 2008/1/1 2008/6/1
LOW Trapezoidal | 10000 | 13000 | 16000 19000 | 2008/6/1 2009/6/1
LOW Trapezoidal | 13000 | 15000 | 19000 21000 | 2009/6/1 9999/12/31
MEDIUM | Trapezoidal | 15000 | 18000 | 20000 23000 | 2008/1/1 2008/6/1
MEDIUM | Trapezoidal | 16000 19000 | 22000 25000 | 2008/6/1 2009/6/1
MEDIUM | Trapezoidal | 15000 | 20000 | 23000 28000 | 2009/6/1 9999/12/31
HIGH Trapezoidal | 19000 | 21000 | 25000 27000 | 2008/1/1 2008/6/1
HIGH Trapezoidal | 21000 | 23000 | 25000 27000 | 2008/6/1 2008/10/1
HIGH Trapezoidal | 20000 | 23000 | 25000 28000 | 2009/1/1 2009/6/1
HIGH Trapezoidal | 20000 | 24000 | 29000 33000 | 2009/6/1 9999/12/31
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HAAIMN MY YT HIGH ¥0310nN5124 SALARY
SHOW MEMBERSHIPOF SALARY HIGH;

HAANSUAAIAINTIIN 3.5

m319f 3.5 naaswaaniveams lémdasongdoyavesnmurinfadan  mmzmla

Amile
LABEL TYPE ALPHA BETA GAMMA DELTA FROM_DATE TO_DATE
HIGH | Trapezoidal | 19000 | 21000 | 25000 27000 | 2008/1/1 2008/6/1
HIGH | Trapezoidal |21000 | 23000 {25000  |27000 | 2008/6/1 2008/10/1
HIGH | Trapezoidal | 20000 {23000 | 25000 28000 | 2009/1/1 2009/6/1
HIGH | Trapezoidal | 20000 | 24000 | 29000 33000 | 2009/6/1 9999/12/31

352 MANINNNAMNSARY (Similarity Degree)
¥
dmsunmsfimuamitsddumndoudnin s higmsdnnumanuduiuinnm
2 A o 5 3 v 4 = aa I o o @ w
Ad10AGY (similarity relation) yoduAazgamunin e luuennitidfeny Tasldmded

;ﬂuumia'lﬂif

CALCULATE SIM <attribute_name> [<[from_date, to_date)>];

deldmdaiiszuussiiuginumanudiiuiamadiond (similarity degree) 1oz
saiulilaosaluia  Tauododeyavesiledsumndniilang lumagwainnilad  uaz
AASAMNUMANIAINARILADI (Similarity Degree) niadei 2.1.2

fetaru Murumanianuadeaasdiilegiuveaienn3ion SALARY

CALCULATE SIM SALARY; (fmnamansanuadionasnindeyaileanduaundn
ilagiiv)

frdfadmiuiSongmamnuduiuinnund1oada (similarity relation) vpAENNITIA

1a g aguuse i

SHOW SIM <attribute_name>;

SHOW SIM SALARY;
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WAANTUAAIAIAIIN 3.6

q' o o 9o v a v @ @ o = L] ki = S
AN 3.6 llﬁﬂ@ﬂﬁﬁﬂﬁﬂlﬂ@ﬂ15‘1'ﬁfﬂ1ﬁﬂliUﬂ@ﬂ'lﬂ']'l!lﬁll‘"ﬂﬁﬂ’]'lllﬂé"lﬂﬂﬁ\] (similarity relation)

FUZZY TERM1 | FUZZY_TERM2 | SIMILARITY_DEREE | FROM_DATE | TO_DATE
LOW MEDIUM 0.18 2008/1/1 2008/6/1
LOW MEDIUM 0.14 2008/6/1 2009/6/1
LOW MEDIUM 0.47 2009/6/1 9999/12/31
LOW HIGH 0.0 2008/1/1 2008/6/1
LOW HIGH 0.01 2008/6/1 9999/12/31
MEDIUM HIGH 0.41 2008/1/1 2008/6/1
MEDIUM HIGH 0.47 2008/6/1 2008/10/1
MEDIUM HIGH 0.61 2009/1/1 2009/6/1
MEDIUM HIGH 0.72 2009/6/1 9999/12/31

353 ailszanm (Approximate Value)

vl Taomsimuan d AagUi 3.2

0

-d X +d
( APPROX X))

51 3.2 msnsznoniiull 18 possibility distribution) vearszum

3
%

¥
Mdadmsumsiinuanlszana dulidgduuude i

APPROXOF <attribute_name> <approx_definition> [<[from_date, to_date)>}];

Moty MyuaniouilszaNaueuennsiing SALARY

APPROXOF SALARY 1000;




67

v E 4
nsud lvdeyaiivwanlszinu Whdsdegluuude Ui

EDIT APPROXOF <attribute_name> <appmx_definiﬁon$ [<[from_date, to_date)>];

EDIT APPROXOF SALARY 2000;

3 t 4
msaudeyaiivanlszina I¥hdedeguuuae i

DELETE APPROXOF <attribute_name> [<[from_date, to_date)>];

fetrasu audeyailepiuvessiinusnlssnaveaenniion SALARY

DELETE APPROXOF SALARY;

v v ¥
wezidsdminmsonqiinuvesnnlszinaiiden BluudosAeduenn3 T

1¥fda

SHOW APPROXOF <attribute_name>;

FI01UTY LFRIABITINAINS U IUYDIBNNG11IA SALARY
SHOW APPROXOF SALARY;

HAANBUAAIRIATIIN 3.7

M3 3.7 uranaaniveans lmidasongiiovesanlszinu

ATTRIBUTE_NAME APPROX DEF FROM_DATE TO_DATE

salary 10000 2008/1/1 9999/12/31

Y r R n’l’ o v o v
nmifeiinanunions  dumaihauveldszavadngudeyavugudeya
a a 4 ' ' ¥ & o y o o o
HAadFnm  dwehiflaviszupdeluivhauednls  mahoumehnivezsudeuina
A o Q’l a a 3
inanndesansadamsiadnudiaumosFiflad  Iassadhuazmainuvesszuumoly

siusznanluundall




a
Unn 4

Meta Knowledge Base

5 é M o w ‘S' ¥
TuUNTIIAUDNSEBNIUY  Meta-Knowledge Base Fuilududnghegninld
¥
gudoyafladFaunar doyalu Meta-Knowledge Base fiazlFosuogmdoyadlamFana
A v -3 o v v ;Y =3 ’ ’ ~ &
ety Taomumaiulszneuais q vesgudeya NumMANUMINoYeIAYF aalu
g ’ Ao AWy v awv a a o’dy ' ~ a’:
manumanummneiadasn lananlinauddeluinontinust manumnedaaiueg
v v td
annsondoumlaslawmanald  §37u Meta-Knowledge Base lusmiidsiivaily
@ 9 a ] o o o 9y a o v @ d L a
dnvazvesgudeyaifine  Jalszgnatansiulugmdeyaeinagduius - Flinny
L
o o~ " s v L o ' L A
manzuiuudIFm  miiowisdan q fuiniiudenisianniu TFSQL ez

nanluunda'lyd

4.1 M300AIUY Meta Knowledge Base d1n3ugintayanaidiiaia

td H
Meta-Knowledge Base Hoonuunlasld ORM [16] Sanudeyaiiiunaimiaie «

vugnudeyaia@mFuror nisvenuuNAAIRIIN 4.1
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LOLIEILAEMLRLENOMUEIZE[L LLLIgIEnitoftennLEban MO S| 8] 5o SBparmous el MANUGBSLY T'h U

(edAL"dwsuoneey)
3dAL dIHSNOLLY13Y

(eeupeqAiueuis)
ALRIVINIS

(sweNdiysuoneley)
dIHSNOILY13Y

(e1eq'ewweo ejog'eudiy)
NOILNEINLSIAALIIAISSOd

(edh L)
3dALTILNANLLY

(joq xauddy)
430 XO¥dd¥

{ eweNLLY

(#11v)
3LNEIMLLY

(0dkL"LLY)
. 3dAL LLV

(enfeA"ujewoq)
NIVWOQ

3Svav.Lva AZzN4 TvHOdW3L HO4 3OAMTMONM V1IN
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(119¥11M15 map ¥ WilY schema 3¢ 1AAIANT19% 4.1-4.6

SCHEMA .

meta table CLASS dwmfuifudoyadonatd uanadanisiaii 4.1

M3197 4.1 CLASS

/\

C# CNAME

1 EMPLOYEE

Tash  c# AosvidvoInad

CNAME fo¥onald

o g aa @ i
meta table ATTRIBUTE dm3uifudoyavosonniiog uaasanisai 4.2

A13197% 4.2 ATTRIBUTE
A~ 8 [ L
APPROX_DEF
ATT# | ATTNAME | ATT TYPE | DOMAIN VALUE | VALUE VALIDTIME
FD D
1 SALARY 3 HIGH, MEDIUM... | 1000 | 2008/1/1 | 9999/12/31

Taon  ATT# fesvaveauennsiag
ATTNAME A9¥0v031enn3ing
=) a aa (: YA aa o
ATT TYPE fovilaveaweymitiaiu q awisadiuldfie o : uonniiog
FAI9Y (Crisp Attribute), 1 : HBNNTLIA¥AIUFIIAY (Temporal Crisp Attribute), 2 :
HAsFueNn31inf (Fuzzy Attribute), 3 : WwFUonnIUIATUIAT (Temporal Fuzzy

Attribute)
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¥
DOMAIN_VALUE fig lamuupaennsiioniu 9
APPROX_DEF fadoyaineanuflansudun (membership function) 4893
' é s a { . . . i
Uszanam Fuiluisrduandngilauumaon (triangle membership function) Azl
& =] ' Ao aa JIa " a v o
3.2 Fawzpum d Taslidnuaziihuenmitidadwa mszilumiouanlssnai

aunsanlasunladllmunald

o o o aa ' ]
meta table ATTRIBUTE_TYPE dmuiiudoyaveaenniianegluamala i

uenniiawialalunaianiu q uaalfamsan 4.3

M13197 4.3 ATTRIBUTE_TYPE

e S
C# ATTH ATTTYPE
1 1 0

eoe eoe

» t 4
Taofi  C# Aoswaussmsy lunouwess s cLASS
=1 Y aa o o’; o
ATT# fosHavouennsiig Hunsuness 1163 ATTRIBUTE
A aa Ja : =)
ATTTYPE doilszinmvssuennsinanegaaiatiy 9 annsoiiu’ldne o :

normal, 1 : reference

v @ v o
meta table RELATIONSHIP ﬁmi'ulﬂU‘l’l’ﬂgﬁﬂﬂQﬂﬂﬂﬁﬂWi&fﬁz?l’JNﬂm’d LA AR

M31N 4.4
A3 4.4 RELATIONSHIP
S e Gl s,
Cl# | C# RELATIONSHIP_NAME RELATIOSHIP_TYPE

1 2 WORKS FOR n:1 temporal




Tasfi  C1# fesviavownarad 1 Hlunsumess i CLASS

=) o/ P Jd’ ar
C2# ADITNAUDINAIAN 2 nﬂuweumﬂsﬂﬂm CLASS

RELATIONSHIP NAME fia¥ovaannudunusseninnata

b d
RELATIONSHIP TYPE fe¥iiavesvesnnuduwus  aunsodiulane 121,

1:n, n:1, n:m, 1:1 recursive [temporal], 1:n recursive [temporal], n:m recursive [temporal],

1:1 temporal, 1:n temporal, n:1 temporal, n:m temporal

& ar ehu gl a ' P aA o a a 4 a
meta table FUZZTERM ﬁ"l"snlﬂ’]ﬂﬂgauﬂ’IUﬂ"wi]uﬂ]ﬂ“ﬁcﬁmﬂﬂﬂ‘:ﬂﬁfuﬁu11’ﬂ°]f\11]

snvasdhudana dissnndlustiswamainndaEnannsanlasunlaslmunarld

UAAIAIATT1IN 4.5

A1319% 4.5 FUZZYTERM

ZiaS Ll
POSSIBILITY _DISTRIBUTION | VALIDTIME
F# | ATT# | LNAME | TYPE | ALPHA | BETA | GAMMA | DELTA | FD | TD
Trape 2008 | 9999
39 HIGH | zoidal | 16000 | 19000 | 22000 | 29000 | /1/1 | /12/31
Taofi  F# AesWavesnniny i
ATT# Aoswmuesmsny Hunooine s hlfs ATTRIBUTE
LNAME fe¥ouaanaiin e (fuzzy term)
TYPE fAoviiavoamsnszaeamuiiul1g wugdmasumany
(Trapezoidal) iudu

2 aa
POSSIBILITY DISTRIBUTION mﬂsznanﬁ'wnmnmmﬁ ALPHA, BETA,

GAMMA, DELTA

Distribution)

feswazidoavesnsmmsnseneanuiullld  (Possibility
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VALIDTIME #11/52n0u8201enn31i74 FD ua TD fie Fromdate a2 Todate
voamsnsznwauiiull1d (Possibility Distribution) JAeH ValidTime YuRRY fact
U093 Type, Alpha, Beta, Gamma, Delta
meta table SIMILARITY dmSufudoyamanianundioniaszningameinim

aa v & Ao o A i o
A3 luuennsimaotudisnyazihuSianilesnnu/asumla ldaunar HAAIAY

M50 4.4
A131994.6 SIMILARITY
e e s L =
SIMILARITY _DEGREE
F1# F2# VALUE VALIDTIME
FD TD
1 2 0.7 2008/1/1 9999/12/31

1 v b4
Taoft  Fi# fesvaueansnmfadn 1 tunosness s FUZZYTERM
A Y Jd ad Ja’ o
24 fosvavoannimuiiean 2 Wunouness 118 FUZZYTERM
SIMILARITY_DEGREE ABfMfduRusnuad1oaas (similarity relation)

’ L4 ~ an da
1319 2 Wi feE1a 9 Murennsinmdanm
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MSHAUITZTIUG IHUDYAAUILIY

i 3 18iuauemu TFSQL dmsuiamsdoyalugmdoyailadizinar uaz
undi 4 18 uaUD Meta-Knowledge Base éuﬁm’fegm?;mﬁufhﬁmufhﬂmc‘fwin q Asuilude
msilszananafmdaia 9 Tuumit 3 uuniissveeineiamswannszuugmdoyaduuuyi
%1 TFSQL Tauszuuduuuudl Wanneguussuudamsgiudoyanosifia (Oracle) uazld

gudoyaiFaingduius Tumsian

p 4 t4 A
5.1 MsEINg Mveyal¥dvaIa

tdl 9 ' o a 3 9 A
nmmi 3 ldondrednvesgmdeyaiasmFuteunuinugiudeya EMPLOYEE 9
frednmdidmsumsadugudoyannnma EMPLOYEE demidsadresilaifladvesson

3 & @ v d’
1909 aaae il

CREATE FTYPE EMPLOYEE_FTYPE(

E# NUMBER,
ENAME VARCHAR2(20),
BDATE DATE,

GENDER CHAR,

TELNO TEMP OF VARCHAR2(10),

ADDRESS TEMP OF VARCHAR2(50),

SALARY TEMPFUZZ,

MOTIVATION TEMPFUZZ,

SUPER# REF TEMP SUPERVISION EMPLOYEE_FTYPE,

D# REF TEMP WORKS _FOR DEPARTMENT_FTYPE
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aa Ao A o =] o a
wennsiadniiriiadeyaia llfsghmsadnlaslng fio

CREATE TYPE EMPLOYEE_FTYPE AS OBJECT(

E# NUMBER,
ENAME VARCHAR2(20),
BDATE DATE,

GENDER CHAR

o an P = a s a
dmsunennsianiusiiadaia) (TEMP OF fpe) uasHa®i¥aia1 (TEMPFUZZ)
v ¥
SunsdifrundesvooInssadnunaennsing lassa lniasede 1

1593199 BNNSTIAITAIIAT HAAIRIATTIIN 5.1

195197 5.1 uaas Iassadsveaenniiinmaam

§
[

ATTRIBUTE_NAME VALIDTIME

an 2 g ' aa a
szneudaouenniiind ATTRIBUTE NAME Fuiumwusauenniing  fiviiadeyn

MUNBIMUA LASHENNS1LI9 VALIDTIME N1l52n91#28 FD (From date) a2 TD (To date)

aa Ja o 4
Tﬂiiﬂ%’lﬂlﬁ)ﬂ‘ﬂ"ﬂ“‘ﬁllﬂﬂﬂi‘U’Jm‘lﬂnﬁ'l llﬁﬂﬂﬂ\iﬂ’li“ﬁ D2

A3 5.2 uaras InseadnvesiaFuoms Trmsaaa

ATTRIBUTE _NAME

TYPE VALUE VALIDTIME

FD TD

aa o 42 ' a 9 ' an o a A

Usznoudouennsiion TYPE FAUAVANVIIFUAUDYAVDIAUBNNIUIA Tagh 0 Ao

a wo = =) a v = a o < aa o 4
FUAYAIIY (crisp) 1 fovliaAmnlszina 1ag 2 ADFUANNIA YT UBNNTUIA VALUE 49

=4 3 aa o ¥ a o =4 Y 2 ' o
IAUAVBULDNNIVIA 1ﬂlﬂu‘l‘uﬂ‘\,l’ﬂl‘4ﬁﬂ'llﬁ‘ll (AUMFAIU (crisp) llﬁ%ﬂ'lﬂixlnmlﬁuﬂ’]lﬁ‘“
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[~ v s = v o =) : aa o P
wazfusmat sy 1D vesmmaimeHEFEIY)  uazuenn3iig VALIDTIME #
1/52n91UA2Y FD (From date) 4o TD (To date) ;

¥ ¥
dmsuuennsiianiluriiadwssduiuFmdinivszdsviimsvaslasaada

UHANANATI NN 5.3 ‘lNﬂ5’]Uﬂ8@ﬂUTﬂ‘5Qﬁg'l\!‘llﬂ\iuﬂﬂ‘/lﬁlnﬁ{l%!l’)iﬂ

13199 5.3 uaas Inssadnveaenns Tiariaddusaim
I

ATTRIBUTE_NAME VALIDTIME

aa A g v aa a
sznoudiouenm3iiad ATTRIBUTE NAME Fufumvesennsing  faiiadeya
s8N 1o @ g < a A a aa o a )
Lﬂuﬂﬂﬂlﬂﬂiﬂﬁf‘lﬂﬂﬂﬂﬂﬂlﬂﬂﬂﬂﬂﬂ%uﬂﬂﬁ"ﬂﬂ! uazusnniulIn VALIDTIME nﬂszﬂaumu
FD (From date) t1a% TD (To date)
Y ) an Ja O Voo o ln’l’ a
ﬁ'l?ﬁ'lliﬂi\?ﬁi'l\ﬂlﬂwﬂlﬂﬂ'ni'lflﬂ‘nlﬂu'nllﬁﬂHleﬂuﬂ'ﬁliﬂuﬂ N 9 uﬁ"m:nﬂu
o A L { o » an A
ﬁﬂﬂﬂwllﬂﬂf)i)ﬂﬂ'laﬂﬂ”li’N"uQ ﬂﬂﬂ'li'Nﬁ 54 lﬂuﬂ')ﬂU’N‘UB\lﬁ"]"‘;ﬂli)ﬂﬂiﬂ']ﬁl‘lﬁnﬁ'l%'lﬂ
o d dw o = P d'dé 4 ar
Tﬂi»lﬁg'l\lﬁﬂ‘BﬂlZ‘ﬂﬂ\iB'l'iﬁfJﬂ\?Wlﬁ'Nﬂ 5.2 %xlwnﬂﬂnmnfluanmsnnummsmﬂu Y0 3 A2

= o A Qs
Uiﬂ‘llﬂ\ﬁfuﬁﬂﬁﬂ_iﬁ’)ll87171511761(

d. Qs a an JIa
MINN 54 TﬂiQﬁ%"l»iﬂ’li'l»lﬁ'lﬁiilﬂ%“]ﬂlﬂﬂﬂﬁﬂ’lm‘lﬂl’m'l

Maintypett ATTRIBUTE_NAME

TYPE VALUE VALIDTIME

FD TD

P = aa o li'a: o o LY a [
Taofiziinenn31iaf Mainypett (luntiasidnysausnveariavdnmudie # uuily
A aa (d’ o v o’t:'t: v o 3 o a [ a
Fouonn3iiail) inumdoyanesnesny lidweuadnnsiandn uazmudislnassadudy
3 o o ar : o Qs an Ja -~ = a = =3
aowriuiuesisd guiuInssadndmsunenniinaisalamseriad duFIIaINe

¥
Wil ludnuaz@orduil
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=4 v 9 9 - aa JIa aa o
Note vzwiunlansadredoyavesiladuonniinaiFananzseneudsuennition
v ¥y
TYPE, VALUE, VALIDTIME 931da31¥iia TFTYPE nsenoudan 3 wennsinaiiine

wenmsidezannsaison1¥ dsdnsngdluiladuennitidaiduradn Wudsil

»
o

sdadminadiawiia VALIDTIME fi)szneudiouenn3tiag FD (fom date) 1ag TD
(to date)
CREATE TYPE VALIDTIME AS OBJECT(
FD DATE,

TD DATE

3
o

o 9 = ar aa  Jd - a
mmaﬂwuﬂ%ga TFTYPE d1m5uuonnstnalasdsanal

CREATE TYPE TFTYPE AS OBJECT (
TYPE NUMBER,
VALUE FLOAT,

VALIDTIME = VALIDTIME

¥
o @ I

o aa A A aa Jda = aa JIa =)
muut’h'ﬂsmmnmuwmmai)mﬂmmnmmmmnm NEFUoNNIVIAFIIN 1D

d a

» b d »
HeNNSIATiIAdBuTIIa1 Jumsnam TFSQL ednaimsvinemdanan liil e

adngmdoyalildlnssadnaoiugludedu

3
@

[ aa J & - an da o [ =
WU uanNnIuIn SALARY mni‘luﬂmmmnmmmmnm %311?11’:7»12‘711151]'61%’1\1%1‘!?1

) 3 o A = ﬂ &4 a o A aa o dd’dd
VDIDDUIINA Tﬂtﬂﬁf‘lfﬂﬁﬁlﬂl U Yavuaran Yeuanniyin luntinfe

EMPLOYEE_FTYPE SALARY 1iudail

CREATE TYPE EMPLOYEE_FTYPE_SALARY AS OBJECT(
E# REF EMPLOYEE_FTYPE,
SALARY TFTYPE
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Jd a

SnduiaFuennsitasauraidu q s 1§ BAeINuNY SALARY Ui

dmdunenmiinmzanaee hitiviiadoyamilousds TFTYPE WlF  tiioanndn

9
aa Jo a

v
wonn3iing VALUE siusaiiulmusiiadeyavosenniinmiusiiaien  Juiludeyasiia
¥
p2'l5 (9 integer, String, Double 15uAW) U@ TFTYPE vusmmusmedriauenniiog
¥V
o V.. 8 o =3 a a ' v 3 a
VALUE iudeuifusisnudnaunsizdoufudoyavassiia (szefuivdelliudazyila
9 q’:' = v ] v 9 £ Aw ¥ a o @ A
Foyariuiumoedials luriade 5.3) Fauelidniwenyiiamnune TYPE
) v ' aa 2 aa a o & 1) a
frotaruenn3ing TELNO Fuiluuenmiiididana  slimdadmivainsiia
o

24 3 o A a ] a | aa Adda
YOIDDUIINA Tﬂﬂiﬁf‘lfﬂ‘]fuﬂl'ﬂu YovUAHAN_YOUINNITUIA lununne

EMPLOYEE_FTYPE_TELNO (ifudsil

CREATE TYPE EMPLOYEE_FTYPE_TELNO AS OBJECT(
E# REF EMPLOYEE FTYPE,
TELNO VARCHAR2(10),

VALIDTIME = VALIDTIME

dmsuuennsiaaisandy q musel§isiReInuny TELNO 15U

dmsuriiadeyamiluriiadrsdudarm 15y neym3iog SUPER# 181909 Tldriia

o o o [ ¥ a 24 3 o oo Jes,
EMPLOYEE FTYPE mm'd’mSuﬁﬁwumlmaﬂumﬂmﬂu"lﬂmu

CREATE TYPE EMPLOYEE FTYPE SUPER# AS OBJECT(
E# REF EMPLOYEE FTYPE,
SUPER# REF EMPLOYEE_FTYPE,

VALIDTIME VALIDTIME

Smfuuennsiiawiind199uFua19u 9 auselFIBReINUNY SUPER# 15Uy
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Y T a [+4 3 o‘: 9y Y “y‘ o o . 9
WemsaduriiavewouRaanivuaudimudedu  nntussihimssanudoya
3 4
damilsznouan 9 veasiaiadvessoudnangldad19aalu Meta-Knowledge Base fano 11l

o & A [ o
IAUNVFDAANT AINTT NN 5.5

INSERT INTO CLASS
VALUES (classname)

A1319M 5.5 Meta Table CLASS

C# CNAME

0 EMPLOYEE

v
o =

sanudeyainuafunennsiog A 5.6 naasdoyanndiu

INSERT INTO ATTRIBUTE (ATTNAME, ATT TYPE, DOMAIN)
VALUES (attname, atttype,domain)

A13197 5.6 Meta Tabic ATTRIBUTE

ATT# ATTNAME ATT_TYPE# DOMAIN
0 E# 0 NUMBER
1 ENAME 0 VARCHAR2(20)
2 BDATE 0 DATE
3 GENDER 0 CHAR
4 TELNO 1 VARCHAR2(10)
5 ADDRESS 1 VARCHAR2(50)
6 SALARY 3
8 SUPER# 0 EMPLOYEE_FTYPE

o o = o aa J1 v aa o a o
sanudeyainoadmennsinaiegluaamala  dunennsidvialaluamaiu q

AN 1N 5.7
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INSERT INTO ATTRIBUTE TYPE

SELECT REF(T2), atttype, REF(T1)

FROM CLASS T1,ATTRIBUTE T2

WHERE T1.CNAME = classname 5
AND T2 .ATTNAME attname

13197 5.7 Meta Table ATTTYPE

T# ATTH#H ATTType
0 0 0
0 1 0
0 2 0
0 8 1

saudoyavesnnuduiuisevinara Amsei 5.8

INSERT INTO RELATIONSHIP

SELECT REF(T1),REF(T2),relationship name,relationship type
FROM CLASS T1,CALSS T2

WHERE T1.CNAME = classnamel

AND T2.CNAME = classnameZ2

A3 5.8 Meta Table RELATIONSHIP

Ci#

C2# RELATIONSHIP_NAME RELSTIONSHIP_TYPE

0

0 SUPERVISION 1:n recursive temporal

dieafaviiadsdvesdouinatouiooud g lfesdiadumsailad fe
CREATE FTABLE EMPLOYEE OF EMPLOYEE_FTYPE;

& g ier o a d £ o v o
Famsilszanawamdaill wimsadumsennaianadeiundeelii

CREATE TABLE EMPLOYEE OF EMPLOYEE_FTYPE;

CREATE TABLE EMP_TELNO OF EMPLOYEE FTYPE_TELNO;




CREATE TABLE EMP_SALARY OF EMPLOYEE FTYPE_SALARY;

CREATE TABLE EMP_SUPER# OF EMPLOYEE_FTYPE_SUPER#,

9 o v a 9 [ -
vflwm TasuaaInIBe19M s NNATHNAIAITIN 5.9-5.12

M3 5.9 71519 EMPLOYEE

E# ENAME BDATE GENDER
M3197 5.10 M1519 EMP_TELNO
E# TELNO VALIDTIME
FD D
13197 5.11 M1519 EMP_SALARY
E# SALARY
TYPE VALUE VALIDTIME
FD TD
13190 5.12 A58 EMP_SUPER#
E# SUPER# VALIDTIME
FD TD
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5.2 MnuamWy %

Amaimfladae 9 MlsngluisguenniinvesgmdeyafasFiduradietn
o o J =) v L] Qvl o o Q'l 3 é v
$udluszdeaiimsmruamiiiouvesnunaniu - a9lu meta table Aamdaluumn 3 aam

b d » » v v
anunemanirnsanasuntasld wenawdsumlasly msudoundasvesnaeian
Wonsmaimesdndounlaary  Geamsdu  mvesdmiunlasuulasllaugamiy
5 A ﬂ a 9 - ot 9 ) 0 L' do’:’ =5 Y ]

azuivennumiluesalumsuaasdeyaiihordesiummaimuniladiu - ddessesiuludiu
‘: d' = = t:i =S 9 ] 9/ ¥
i ifleeninszuniinnuamseduFuiar  Remnsadsdeyaldnntiwnm  deyaluudas
[ : v ad J Y & o
$ai anunsven My iaEnemenull  Fdeaumiimsasisaoulu meta

vy 9 3 [ J 4 s n’; = vy a
table 111INAVBITBYANUAMANUMINGVOINNIMEIASFFINIY <) dw Yeezlddeyan
gndes manldsumlasmamuminuaunsefmuandliimildTeeldmdwdlwmiean g

= a [y <3 ] A a Y M: :ru
swazdealdaninuni 3)  szuvezsamsifummudeu lugaa 1d Tavsa Tuianamuatiag
meta table msnﬁ 5.13

s v o o'l o [ g o = o 9 a L4 =

fetnmdnmsdmuamilaiduandnilegiulvisunninelad  HIGH’ U049
HBNN31129 SALARY o

MEMBERSHIPOF SALARY HIGH 2 trapezoidal 15000,18000,20000,23000;
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INSERT INTO FUZZTERM

SELECT REF(0), fuzzcode, fuzzterm

FROM ATTRIBUTE O

WHERE O.ATTNAME = attname E

INSERT INTO FUZZPROP

SELECT

REF (0) , POSSIBILITY (alpha, beta, gamma, delta) , memtype, VALIDTIME (now, 9999/
12/31)

FROM FUZZTERM O

WHERE O.ATT# = (SELECT REF(P) FROM ATTRIBUTE P WHERE P.ATTNAME =
attname)

AND O.LABEL = fuzzterm

M13190 5.13 Meat Table FUZZYTERM

F | ATT# | Label Type Possibility Distribution ValidTime
# Alpha | Beta | Gamma | Delta FD TD
0 |6 Low Trapezoidal | 10000 | 13000 | 15000 18000 | 2008/1/1 | 2008/6/1

10000 | 13000 | 16000 19000 | 2008/6/1 | 2009/6/1

13000 | 15000 | 19000 21000 | 2009/6/1 | 9999/12/31

1 |6 Medium | Trapezoidal | 15000 | 18000 | 20000 23000 | 2008/1/1 | 2008/6/1

16000 | 19000 | 22000 25000 | 2008/6/1 | 2009/6/1

15000 | 20000 | 23000 28000 | 2009/6/1 | 9999/12/31

2 |6 High Trapezoidal { 19000 | 21000 | 25000 27000 | 2008/1/1 | 2008/6/1

21000 | 23000 | 25000 27000 | 2008/6/1 | 2008/10/1

20000 | 23000 { 25000 28000 | 2009/1/1 | 2009/6/1

20000 | 24000 | 29000 33000 | 2009/6/1 | 9999/12/31

A4 o U o - aa o & g o 9o u
llﬂzlllﬂﬂ1ﬂ1Jﬁﬂ1Wﬂuﬂ1ﬂ1ﬂ°]f°lf‘ilﬂillﬂﬂﬂiﬂ']ﬂ“ui £) ﬂsuuﬁ"mﬂzﬂﬂnmmmmmm
< P ERRE 2 ' e ' - aa Ja [y o o
ﬂﬁ'mﬂﬁ‘l (Similarity) s:m'mfgmw%umu1'71959511:ut)'nmmmﬂmnuuazvﬁmum meta table
£ Ao a L | @ ' L4 P o o a [
muan’umztﬂulmnmlwmmnumummmnmwmmumu1‘71%: (ﬂ\!ﬂ‘]ﬂlﬂuﬂfﬂ) al
a
AN 5.14
o ] o @ 9 o v A =< o - ' Qs
metnmdlddinnumaninnuadendy  (Similarity  Degree)  Milagiiuves
WONN3199 SALARY fio

CALCULATE SIM SALARY;




INSERT INTO SIMILARITY

SELECT DEGREE (VALIDTIME (T3.VALIDTIME.FROMDATE,T3.VALIDTIME.TODATE),
(T3.POSSIBILITY.DELTA-T4.POSSIBILITY.ALPHA)/ (T3.POSSIBILITY.DELTA-
T3.POSSIBILITY.GAMMA+T4.POSSIBILITY.DELTA- -

T4 .POSSIBILITY.GAMMA) )/ (((T3.POSSIBILITY.GAMMA-
T3.POSSIBILITY.BETA+T3.POSSIBILITY.DELTA-
T3.POSSIBILITY.ALPHA+T4.POSSIBILITY.GAMMA-

T4 .POSSIBILITY.BETA+T4.POSSIBILITY.DELTA-

T4 .POSSIBILITY.ALPHA)/ (2* (T3.POSSIBILITY.DELTA-

T4 .POSSIBILITY.ALPHA)))-((T3.POSSIBILITY.DELTA-

T4 .POSSIBILITY.ALPHA)/ (T3.POSSIBILITY.DELTA-
T3.POSSIBILITY.GAMMA+T4 .POSSIBILITY.DELTA-

T4 .POSSIBILITY.GAMMA)))),REF(T1),REF(T2)

FROM FUZZTERM T1,FUZZTERM T2,FUZZPROP T3, FUZZPROP T4,ATTRIBUTE T5
WHERE ATTNAME = attname

AND T1.ATT# = REF(T5)

AND T2.ATT# = REF(TS5)

AND T3.F# = REF(T1)

AND T4.F# = REF(T2)

AND T1.F# < T2.F#

AND T3.VALIDTIME.TODATE 9999/12/31

AND T4 .VALIDTIME.TODATE 9999/12/31

AND T3.POSSIBILITY.DELTA > T4.POSSIBILITY.ALPHA

M13199 5.14 Meta Table SIMILARITY

F1# F2# Degree
Value ¥D ™D
0 1 0.18 2008/1/1 2008/6/1
0 1 0.14 2008/6/1 2009/6/1
0 1 0.47 2009/6/1 9999/12/31
0 2 0.0 2008/1/1 2008/6/1
0 2 0.01 2008/6/1 9999/12/31
1 2 0.41 2008/1/1 2008/6/1
1 2 0.47 2008/6/1 2008/10/1
1 2 0.61 2009/1/1 2009/6/1
1 2 0.72 2009/6/1 9999/12/31

i & a 3 @ {
1A meta table NNV WA STINUAINITIN 5.15
fedamdamsfmuatinuanlsznamilegiv Ao

APPROXOF SALARY 1000;
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INSERT INTO APPROX_ DEF

SELECT REF (O),APPROX_DEF (approxdef, VALIDTIME (now, 9999/12/31))
FROM ATTRIBUTE O

WHERE O.ATT# = %

(SELECT REF(P) FROM ATTRIBUTE P WHERE P.ATTNAME = attname)

A13197 5.15 Meta Table APPROX_DEF

E# APPROX DEF VALIDTIME

FD TD

6 1000 2008/1/1 9999/12/31

5.3 Insert YoyalugmuvsyarlaF¥aIa

M3 insert YoyanslugmdoyailadFinm dmSvuenniiwniluiesdiuhlims
3 : § Y = a 3\ : oW - -t A
insert 1ueansoiiee ldadoyanslunenmitinaildnsmsaen  (crisp) uazia®  Famw
Y 9 aa Ja ol - : = =3 a - Y -
Tnssadrdoyavesenmsioaniiuyiafladi fianudesmsinusiiadoyaidunie
> v
Faou (crisp) niomilszana wiedmmninnnilad uasmdoya Aiuiszlon insert Mdun
o ¥ o v Ao v ﬂ v oy » P o o £
Wuzdeaiimsasivaeumimduniniumsiiala neunszianuasgudoya
o - - a & - aa 2o aa Ja
dmsugndeyaiiiugwdeyailadFiim FilaFuennsiamiuilunenniifng
o
MR AaTums insert Foyaveiinnuiiuhl18uunn current (insert doyailoging uaz
o ¥ » o
sequenced (insert Y9y lugIWINNAMUA)
o A - a 1
Current insert ABM3 insert Yoyailagiin  FeflFrugidoyadasdiFumezilugld

3

e ludnyuzvos TFSQL Al

Do

@ " 2 LY o A - a £
#1063 insert YoyavoamiinUIHA 1 ¥8 John TiSuAouUAe HIGH Fuiludoya
flogiiu (M35 insert TuNiifoMs insert Joyavosninauaundslimelsinglugwdeoyamn

> 3 »
Aou mszhiideyaynnmivegudr udresimanudeyaduasly 919ms update) Ao

INSERT INTO EMPLOYEE
(E#, ENAME, SALARY)
VALUES (1, ‘John’, SMEDIUM);

llﬁﬁ@ﬂﬁﬁﬂfﬂ'ﬁ insert 7415199 5.16
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M13197 5.16 HAAINANTT insert a3y IUTDYaRFHIFIINAIBEN

E# SALARY

TYPE VALUE VALIDTIME

FD ™™D

1 2 1 2008/1/1 9999/12/31

» an J - v = an o
53'1]1]%39\5'Jﬂ’(‘lf)l]ﬂ'lllﬂﬂﬂill'lﬂ‘llﬂiﬂ'li'N‘ﬂigullﬂuﬂiziﬂﬂ'l'lﬂ51ﬂ§]ﬂ9ﬁﬂlﬂ‘nﬂ51]']ﬂ

a A v & Sa aa o ﬂ - aa JIa v >
l‘]f\ll')ﬁ'lﬂiﬂ'lll %ﬂuﬂsz‘iunumwvmsmn SALARY unsgusnniiiaiyaial AU UL

msasndeumnmmuaduniuiiumsiala Aauwuningli s.i




87

3 a aa Ja
mdeyavesflaBuenmitazaia

Wurmainnniled
‘ ¥ a ' @
Tavtududae s Mxtiadeyamiiv 2,

w3l mdeyanifiuAeFID

2 el
Yududiomn

2 mtiadeyamfu 1, i
‘APPROX’ %38 1] FounhEui18s
ayamiumin 1asulag

AARTI ‘APPROX’

iWus¥aieu (crisp) 911 < PN P

o mxiiadeyaniiy o, M
w30 i O £
doyaviiui 195y

Error

31 5.1 uwunmuaaImsasvaeUteu lvussstiadeyadiv sulaFuenniion

A =) g 4’
Favowmilu sQL Ténail

INSERT INTO EMPLOYEE
(E#, ENAME)
VALUES(1,‘John*);
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INSERT INTO EMP_SALARY T1I
SELECT REF(T2),
TFTYPE(2,T5.F#VALIDTIME(TO_DATE(2008/1/1',)YYYY/MM/DD"),
TO_DATE('9999/12/31',YYYY/MM/DD")))
FROM EMPLOYEE TABLE T2,
CLASS_TABLE T3,
ATTRIBUTE_TABLE T4,
FUZZTERM_TABLE T5
WHERE T3.CNAME ="EMPLOYEE'
AND T4.ATTNAME ='SALARY"
AND T5.ATT#= REF(T4)
AND T5.LABEL ='MEDIUM'
AND T2.E#=1;

5.4 Update Yoyavesgiuveyaradiiwalaalyitenlunisinnuvany

L 4 » A 4 @ v : e
Tudeiioznantams  update  doyalasidiloulvnlianudawumniudmsulu
aw 4’ LY v P a v -sy o a a aan Jda A a o’:’ ]
MRell  Medenezeiueds WilwnseinladuennsiiaBia i mFananiug
UUIAAEIMSUMS update AB current 1AL sequenced AWHUNTNFUN 2.16 1AL 2.17 MUAIAY
#79679 current update 1%  update MIRWABUVRIMInOMIHE 1 Ty APPROX

24000 A8 now = 2008/7/1

UPDATE EMPLOYEE
SET SALARY = APPROX 24000

WHERE E# = 1;
INUHUNIN current update 73317 2.16 Wowidu SQL 1ddsse 1)

INSERT INTO EMP_SALARY

SELECT E#, TFTYPE(1, 24000, VALIDTIME(‘2008/7/1°, 9999/12/317))



FROM EMP_SALARY
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WHERE E# = (SELECT REF(O) FROM EMPLOYEE O WHERE O.E# = 1 )

AND SALARY.VALIDTIME.TD > 2008/7/17)

UPDATE EMP_SALARY

SET SALARY.VALIDTIME.TD = “2008/7/1”

WHERE E# = (SELECT REF(O) FROM EMPLOYEE O WHERE O.E#=1)

AND ((SALARY.TYPE<>1)

OR (SALARY.TYPE=1

AND SALARY.VALUE <> 24000))

AND SALARY.VALIDTIME.TD > ‘2008/7/1’

HAAWEN3 update HAAIAIANIT N 5.17

A3197 5.17 LAAINDANT VD current update

E# SALARY
TYPE VALUE VALIDTIME
FD TD
1 2 1 2008/1/1 2008/7/1
1 1 24000 2008/7/1 9999/12/31

5.5 Delete YayavaagmveyaNadTwraaslditevwlundinnuvaan

o : ' é 4 o » : e
Tuidetlaznandams  delete  doyalaglfieoulvniinnusanumniudmsuly

a e J’ 9 v o a ¥ d’ o o = aa dJda & a : =
JTHIVYU mamamzaﬁmum'lﬂmznszmnﬂwwowmmmwnm mﬁmwmmuuu

HUIAAEIMSUMS update B current AT sequenced AIWUNMNIUN 2.18 UAAWNUNINAID

sequenced delete

#790619 current delete 15U delete ANIMABUTIIYTIUVBIMINIUTHA 1

DELETE FROM EMPLOYEE




WHERE E#=1;

current delete 3iiums invalid doyamganilsinglugmdoya (@uuAIA now -

2008/11/1)

1 o o
MINN 5.18 LAAINAANDVUDY current delete

UPDATE EMP_SALARY

SET SALARY.VALIDTIME.TODATE = “2008/11/1°

WHERE E# =1

AND SALARY.VALIDTIME.TODATE >= ‘2008/11/1’

AND SALARY.VALIDTIME.FROMDATE < “2008/11/1°

DELETE FROM EMP_SALARY

WHERE E# =1

AND SALARY.VALIDTIME.FROMDATE > ‘2008/11/1°

WAANTNS delete LAAIRINTIIN 5.18

E# SALARY
TYPE VALUE VALIDTIME
FD TD
1 2 1 2008/1/1 2008/7/1
1 1 24000 2008/7/1 2008/11/1

5.6 M3138ngUeYA (Retrieve data)

¥
FuurfanadeFuasFauawuand 130

v o a a Ja s 9 P aa &£
ﬂﬂ1!\“1u‘lﬂ“aﬂ”ﬂ"qyﬂnu“uﬁuu‘nuu“ﬂ1ilsﬂﬂﬂ'«aya1u31u#ﬂyﬂﬂq‘qnﬂl')a1 U

miveune Iifannugnngudouinn

e A - 2 i‘l ¥ i da - -
LINRTN!] mmmngmﬁaganaéﬁwm UF VDY TN 'n11msnsungﬁ’fagamuumamm

= S da X o v o = & aa o
current H3® sequenced uuﬂlﬂﬂ‘luﬂa‘lUﬂiﬂlllﬁ")ﬂﬁﬂﬁU’lUGlunﬂﬂ 2 UAZUBNINUUDINNIVIN

Wanaduiuisduennsingondis  mldaunseldmeidadoyaldunnd 1 wia (Ao
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[ 5 ' v 'd ~ [ aw d’ A 4 - o [

Faou (crisp) AszINg wazAMRIMIASE dmiunudtel) smmaimeiladdmiy

VIUBNNS 19 fhmmumun‘s’efhﬁmuﬁammsmﬂ?mmn_lm'lﬁmunmﬁulﬁuu'lﬂ"lﬁﬁn

° 9 = 9 a A a ﬁ = A a : a v J

A m“lnmslsunmagaiﬁummuhm uiaFuazitou luFwaniunannugununniu
Ed

msizdsaiimsasaeuynamalugmdeyadsdiduiardedanasly  Meta-Knowledge

& q & ‘o { o
Base IWaanndoaiu uazuadouluilad dahisuiluiidinouszdeagndos 100% teruely

5.6.1 msmlannumneWs3fas

aa 44 priiE
HAaFf5wugmdasglugy [71,017] ves

SELECT XX
FROM RR
WHERE ABY [THOLD threshold)

Taoii XX fouenn3ing RR Aoy uos A6y Aeideuleilsd  Tash A fe
wenm3tiadvestiadu Y Aeuenmithdou q n?sszulﬂuﬁ‘m'ﬁm wae o AvalSounoun
HAadana q unazionlolsd szuaaen threshold Mezdssrudoulni q AMANS
anuiluly1f (possibility degree) i)tiwﬁauﬁqnwhﬁum threshold &afiAlusas [0,1] Tavld
A5 THOLD ifludszym d'hiszyseiisaneadidu 1.0

Taoftezdi Meta-Knowledge Base (un#i 4) it 1ifudoyavemninnilad dadoyail
wi¥lumsnSouioumadsdla  q Aedeyavesfledduaun  (membership function
@,B,7,8) uwazmanuadioadaszniugameinnnila® (similarity relation) Fevz1¥¥oya
¢ lithudusudmnSoudioumaiiad Faezesuwdedely

amsulvufoufuszuiniaduennsivdmsdnSouioudasdiiy  Auswed
amnfssuierlsznaniy wiemsnRouioudiemnSouiouiadvify FEQ) sevin

<t aa o s : a b = v oA o - o A
ﬁmmmnmmnﬁ’mnummuummlﬂu'lmnmnsmummmzmmnﬁunmtmnuﬂa

5.6.1.1 WOHMMINHF (fuzzy linguistic term) HUNIUMBIN B

g » 2 :

#o01939u'ly A FEQ Y THOLD t n38ive3 FEQ (Fuzzy Equal) 1iuvz19doyan
AnsANuARIUnAY (similarity degree) Tumsnfsumsufuszninamninladaesla

e r A r \J ~
(13] Tuuennsiammiu F3smsmamanianuadiends sznin 2 AaFisala 9 efue1d
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Tuunil 2 Tashidmanianuadwadsseningnainnilsdnisunnimienifium
v 3 > e
(threshold) Mszyfezimdoulvil wazilumaeuvesiifiu q MeAnsvhiumanivesnn
2 o
AdwARNIIB
#196191%U MEDIUM FEQ $HIGH THOLD 0.5 (aun@gredasmainnniladiniy
fleqiiuveaenn3ing SALARY) Mian3n2und1ends (similarity degree) 5¥M 319 MEDIUM
o S A ' o d' A - ¥ . L=} ' o o : : 4' :I’
U HIGH Hfumifiu 0.72 (3nm13139 5.14) Falinnanimienniu 0.5 Aaiuruenlvil

» ¥
waziilumnouve RIS HAWANS INIAUAITZHI1 MEDIUM 1 HIGH fi® 0.72

5.6.1.2 MIYAIIM (crisp) HUNDUMYINFF (fuzzy linguistic term)
dwmsumFanulSsumoususmaninuniesdlasld  FEQ sznfSeudisuiulu

o ¥ & ‘J = ’ d o 4
dnvuzAIns Azl 5.2 AemsnlSoufisussndng 29000 fiue1 ‘HIGH’

e . HIGH 10
H g5\ %
-_-:—‘0.. Vi |\
m'b 1\
3 04 / ;
£ / e\
§0.2 r
]
: / A Sy
o 0 0 0 00 0 0 0O O OO
O /oS WD o © ©o)S Py ©
o 6 0 0 60 &6 6 6 6 oo
M W~ D - MWD O MM N
e o~ = NN N NN M MmN

310 5.2 uarasmisnfSeuisy ‘HIGH’ 1 29000

4 P : , . 3.
Fadoal¥doyaninmilaiduanidn (membership function) fiom @, B,y,8 oM
msnriudienfSoufvudumdann (crisp) 181  sagluszavdninnuiuaininiianivla
> i v w i S o v 4
vossmninnfladiu q 93l 52 uaasmidau (crisp) 29000 Weudum ‘HIGH® &3

J _ L J d' = A A 4
29000 HAANIANUTUAINTN (membership degree) HUA1 “HIGH NifmAns 1 Fudouiiou'ly

nanua ladsaumsn (5.1)

1 when ﬂ <x<y
0 whenx<aorx=§

I‘(x: a!B'Y- 8) o ﬁ when a<x < B (. [18]
5-x

= when y<x<4§
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Taen x AomsaaY (crisp) 1a 9
mananuiluaFn (membership degree) VYBIMFAIIU (crisp) ADAININUMYA
4 ° - ' ' V@ v [~ v q ° a a
Axdnsa ldnlmunnImsomdum threshold tvzrueuly  wazilufnouvesdis

Froman3mituan A uuaINTn (membership degree)

5.6.1.3 muszana (Approximate Value) fUnarimmnwad
dmsuanlszina  (APPROX x) viusziiomlasldfedduandnglammaoy

5 o " & - o 4 s ~ g’:
(triangle membership function) FaMsnfFeuivufusmninisdiu mldenanugaves

3A¥03dIUFOUNY (intersection) igefigaves 2 Henduaindnla q [18] AU 53 veuly

Nanuaoudluaunms ldasaunisf (5.2)

( 1 when B<x=y
0 whenx+d <aorx—d=>4
i:::: when x>yandx—-d<$§
NP, e when x<Bandx+d>a e
x,d:a,B,y,8) = 9y [ !
[ Y max(hy, hy) ;h,:(;‘:‘:)fd, 2=(;_:)fd when (x—d=aanda < x <)

— . k' Yy sexsd
or _lir= (6—y)+d'h2 o T or(x+d<éandy<x<§¢)

d' i A » v
Tagn x Aomiszyiludnlszina Tuzives APPROX x 151 APPROX 20000

d fiom margin vons M FuaISnglawmaon

ALY

0.8
degree = m—:—&-

]
0.6 [
! | = = APPROX 21000
04
I 033 \ HIGH __ 21000+1000—21000
" 1000+23000-21000

0.2 t
: I \— =0.33

/N
/ \ x+d—a
\

317 5.3 namsmsulSsuiMeusening APPROX 21000 1) HIGH
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v Ao o 3 P=3 - v o ' A °
mﬂnmmmm'lﬁ'nmnmmsmmnnm threshold ﬂﬂ$N1Nl\10N1ﬂl uazlﬂumﬂau

b4
s

_ d’ - A
VBIAIIAANTIY 9

5.6.1.4 mlszananumilszaina
¥ b4 o 3 i a P o o
M1 18910770 gav09AYBITIUFOUNY  (intersection) NgINgAvEY 2 Wandu

amngnla q duvumsnfSoumioulude 5.6.1.3 s2ldaumsi (5.3)

1 when X, =X
0 whenx, +d<x;—dorx;,—d=x,+d
#lx, dixy, d) = | p =222 when x,—-d<x,+d<x,+d (5.3)
h=iz_-—;t-;ﬂ when x,—d<x;—d<x,+d

fedmanSoumsusenianlsaanadusnlsznsuaaidsgilin 5.4

: ;
0.8 ,‘ xZ b - x1 + Zd
0.6 ! By 2d
. Yos - = APPROX 22000
0.4 ) 21000 — 22000 + 2000
:\ APPROX 21000 =
0.2 " \ 2000
0 +— — . ‘ ‘ ' =0.5

317 5.4 naaamsisuiMion APPROX 22000 il APPROX 21000

16000
18000 -
20000
22000
24000
28000

' o i ) Vo ' - v A °
ﬂ'laﬂdﬁﬂ'\ﬂ')ﬂl‘dﬁu1ﬂﬂ')'|'ﬂ?ﬂl7l1f“]fn threshold ﬂ%zmunau'l‘u uazﬁ‘lumﬂa‘u
>

-

a 4 '
V0IRIRIMANITHY 9

5.6.1.5 M¥AIIU (crisp) Mumiszana
=) a A [ e e s ” L N o - o
Hunnfamiloufumyanu (crisp) fuanlszina Uszgnavinaunish (5.1) 14ds

auMsn (5.4)
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1 when X=X
0 whenx <x; —dorx=>x, +d
u(x: X1, d) = x+¢:i-x] when Xy — d<x< X3 (5.4)
Ll when x;<x<x;+d
Taoh x AOATALIU (crisp) 1A 9

A v 4 a 3
x, 1A d Aofmasuiealszin

AptvesmsnfSsumeumyany (crisp) fuan)szana Asgun 5.5

: T
] X, T d—x
0.8 : p=—r—
0.6
0.5 = = 25500 25500 + 1000 — 26000

e | 1000
i : APPROX 26000 — 5000\ -

0 = = 1000

20000
22000 -
24000 -
26000 A
28000
30000 -
32000

4 o % v ) o v =1 v 4 o
mAnINAMIU 18NN NS BINIAUAT threshold Nazruideuly uazilumnou
4

VOIRIAWMANITHU 9

5.6.1.6 AYALAY (crisp) MIMFAIIU (crisp)
msnfSsuieussninmaany (crisp) Aomueniy HlumsuSoumeumty =)

Una

dmfudouludy q uenmilenn FEQ 1¥u FGT (Fuzzy Greater Than...), FLT (Fuzzy
Less Than...) 1§doyaninfensumniniom a,B,y,8 auiiugamseh 2.6 Fadmy
amidumsanu (crisp) Waoh a =B =y =6 wosiilumlszina e g =y e
mimansnuilu1g (possibility degree) voudouly 13 mSemaMY threshold AvzFM

A 2
weuluilld
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g o
5.6.2 MINUVUNFHF I
v v "
TuaddeiIgsanisnnuiuFinaumazanuiiufledswegaoiu  Tashdnbue
) A a 1 ¥ A a aa o v P aa o
voagwdoyaadiFainaiiiiugmdoyaniifaFuenmstdilsznovey  uazdaduonniing
: aa a - v adaoe
HueniiutennsiMmBInaId UOAVINTIANURLIBYBIMNNINIHFFNTIeIN5D
aasunas ! dmumnadaruiu SudwFwananuminsvsssmaimyisdate lums
LY 4 3 3 =S = 4 v A ci - 1]
deasidhnszanaiy  suiludesiimsasteaeuis ey laniludsdnield  uas
a o [ & H H
FoamssnuFaanuyla wazdmiudummminoveanaimuiadneznlasunas e
parldiy Wldauuagiun W fact fuanuvneveanainiad lidroiuaunm valid

time zABATIVUADUNARAIRIZIIN 5.6 TavszgndineInamidy 5]

TFSQL Client

LTFSQL Query 3. SQL Query 4. SQL Query 5. Results

META-

; , 7 ‘| xvowLEDG:
TFSQL Server 22 Meta-knowledge ”

31U 5.6 urunmuTAiuRsUMIISTINaNARIS

$uADUT 1: TFSQL Client program 1WudIUAY3910 user titoda 1§ TFSQL Server

SUABUT 2: TFSQL Server 9:IMIdAIZNAG  Tasasandeuddisasanariil
ATMUABIMSIUVY Current , Sequenced H3® Nonsequenced taziliton'lvil
Juiadnseli @ywaounenmiidnszyludou lviuhuiasuonns
fiag Fafesmfivdioyalu Meta-Knowledge Base fims 14Had Tonloisines
uaziiTonlofusumilufad) Aildoulviduiladiimsulaiai i

A - ’ a
dhu soL awdeulvgundhul1d  mwaumsdn q inanlilu
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4 r il 2
1 SQL W lduniunvzdestimsainidnlunely Meta table

Usznouiulugmdeyaila@Fuiar uasdesmilaannudesmsdnusa

nadwiuiuunnla nawes fact fu mdeyalu Meta table A3

A9ANABINY

dunoui 3: weaduilu sQL Tavauysaiudlezdndy i TFSQL Client

¥ v v
JumpUN 4: Client 1IM3A5 Wdagudoya (Meta-Knowledge Base + TFDB)

<2

Y ' a d' a v o 9 v J
ﬂ’Ji)U'N‘IlfNﬂ'lSﬂ’Ji‘BSBﬁU1UﬂQH’JﬂIﬂﬂ01ﬂu

uAdUR 5: TFSQL Client 92 145 UNaANFLAZUAAIHAMSAITAD user

5.6.2.1 msisungVeyaileginulaaliienlvilad (Fuzzy Current Retrieve)

fowlsaaniidudmenidosmsdoyaiiluiligivaigalugmdoya 9N

o L o a LY " ] 4 Y £ d' Yo a -~
ﬂ']i)tl'NﬂlﬂQj111‘“013?1%‘15%1‘]5»11’)619\’]8U'N BUDINT W ﬂ‘il‘il‘ljualﬂi'lj'l\lﬂ1?\51]1»11&1?\81‘!’(1\1”

= o » @ . A o [ “aa o
TrslifA19619713519910 EMPLOYEE Tﬂﬂﬂﬂ%ﬂl_]ﬂlﬂllﬁﬂﬂﬂ“ﬂ?ﬂ ﬁdeﬂﬂ'JE)U'N‘W"BQ’IIB'VWﬁU'Jﬂ

1331787 SALARY #4@1513% 5.19

MmN 5.19 msndeyanngudeyafaFiFurmdreduiuandoya SALARY v09

EMPLOYEE
E# SALARY SALARY _FD SALARY_TD
1 MEDIUM 2008/1/1 2008/7/1
APPROX 24000 2008/71 2008/11/1
MEDIUM 2008/11/1 2009/10/1
2 MEDIUM 2008/7/1 2008/8/1
HIGH 2008 /8/1 9999/12/31
3 LOW 2008/1/1 2008/3/1
MEDIUM 2008/3/1 2009/1/1
25000 2009/1/1 9999/12/31
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1NM39H 5.19 wenn31d SALARY ufladuenniidFarm lunsdivesns
Suiled  aunsoldmldnasess  madlumainniles (fuzzy term) wazAnlszInm
(Approximate Value)

nnfewansahu@owmiiy TFSQL Fwszneuanein TSQL [8] was FSQL
[21,[4],[51,1171,018] i

SELECT E#,SALARY
FROM EMP_SALARY
WHERE SALARY FEQ $HIGH THOLD 0.7

‘é -3 : ' ~ _ _

Fafomuuy  Current Wuaz hilimsssyfidsaFuiar (VALIDTIME) lums
wnsandeoymislugmdoyafladiFinmdiednuazlu Meta table Avzlduadoyailegiiu
(todate = ©9999/12/317)

' A @ A g

Tudmweslouly Ao 1d5uRwABUGY ¥NfD SALARY FEQ $HIGH THOLD

0.7 1 threshold Nszyfunieveniteulniu q swsuiluiveusnldduaaniioshiga
\d o ’ A A : » 1] o W’ 4 g L] d’ o
MAUA threshold 361 threshold 1inazeg Y2 [0,1] Aniuludeulvnnmedaiinfeseay
Tumssonsuinilutuideugediomszanansnaeitluitudougs - doviigadeariu 0.7

= '3 o ;
vszuilumeenvesfionuil

dmsuideuly SALARY FEQ SHIGH THD 0.7 Tewlesusuailusmainmuilad
4 ; IS ::‘ = [ L cr
aaiuTemaveansdis 9 nezwulumsuSeunouiuiiuaail

o woiimuaduSounouiunanimuiad

® AR (crisp) FousutuwainuHed

o anlszanamfSounsudunaimulad

ad 7 = o [ 'd «a J d = '
nsain 1 warumuidsFulSoufoudsunaninfad  amaindsd 2 mla q
} LY ' 4 "
nfSsumsunudie FEQ lddeyamaninnundiunds (similarity degree) @30glu Meta-

Knowledge Base

¥ ¥ 4
waBviunoune 115IA100 111 Algebra Aail

A1 < Nryarrsr1.arrname(Pp ATTRIBUTE)




Tsiendmmwizdouans uiluly meta table ATTRIBUTE fiadBanisniennsiioan

seynluifou’ly Aonenn3iiog ‘SALARY’ HanIfans1ai 5.20 HAUAAIAIAITITN 5.21

A1319N 5.20 ATTRIBUTE
ATT# ATTNAME ATT_TYPE DOMAIN
6 SALARY 3

MINN 521 Al

ATT# ATTNAME
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1€/C1/6666 1/9/600C 000¢€t 00062 000%C 0000C

1/9/600C 1/1/600C 0008C 000ST 000€T 0000C
1/01/800C 1/9/800C 000LT 000ST 000€T 00012

1/9/800¢ 1/1/800C 000LT 000S¢ 00012 00061 [eplozadel], HOIH 9] ¢
1€/21/6666 1/9/600C 00082 000£T 00002 000ST

1/9/600C 1/9/8002 000ST 0002¢ 00061 00091

1/9/800T 1/1/800C 000€T 00002 00081 000ST [eplozadel], WNIdIN 91 1
1£/C1/6666 1/9/600C 0001¢ 00061 000S1 000€T1

1/9/600C 1/9/800¢ 00061 00091 000¢1 00001

1/9/800C 1/1/800¢ 00081 00051 000¢€1 00001 [eprozadei], MOT 91 0
daL aq ViTid VINIAVD v.iad VHd'TV

TNILAITVA NOLLOEILLSIA ALTIFISSOd ddAL TILV'T #LLV | #d

s Kz‘mrsw,a& WYHLAZZNA GUULITEUURTIL

P oo [

g 2011 WIH1ZZNA TT'S UbLeLy

Kw@?ﬁ?xrmrc:@zsznmaerc:c_s 9[qe) Blow URui
" g had " PP L4

WYALAZZNAYd - g
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1€/T1/6666 | 1/9/600Z |  000€E 0006Z | 000¥T |  0000Z
1/9/600T | 1/1/600T |  0008C 000SZ | 000€Z{ 0000
1/01/800C | 1/9/800Z |  000LT 000SZ | 000€Z | 00012
1/9/800C | 1/1/800T | 000LT 000SZ | 0001Z | - 00061 | [eptozadeir HOMH 9 z AAVIVS 9
1€/21/6666 | 1/9/600Z | 00082 000£T | 0000Z | 000ST
1/9/600T | 1/9/800T |  000ST 000ZZ | 00061 | 00091
1/9/800Z | 1/1/800T |  000€C 0000Z | 00081 | ~ 000ST | [epiozodeil |  WNNIAHN 9 _ AAVIVS 9
1€/21/6666 | 1/9/600Z | 00012 00061 | 000SI | 0OOET
1/9/600C | 1/9/800Z | 00061 00091 | 000EL | - 00001
1/9/800T | 1/1/800Z | 00081 000S1 | 000EL | 00001 | . [epiozadeiy MOT 9 0 AUVIVS 9
awv @i | VIT3d | VWAVD | V134 | VHdTIV
FWILATTVA'ZL NOILNETALSIA ALTIHISSOd 7L FIALTL | TEEVTTL | #LLV'TL | #4771 | INVNLLV'IL | #LLV'IL
10 €2°S UbLELY

ELUTE MALRMLALUNEMLUROWILLAJIZAN (HOMH, ‘NAIGEN, "MOT,
"

”

€T°S UBLELBBBLBRIIGN LULIBLAML[L] BO[LITHAL[L
P & . r

(g HLYTL=HLY TLpg Ty7)

RJS:&Z@ AAVIVS, Sﬁ:,mSSD:E.WDSEPK_.E_\GZPKECDE
PR P ¥ P~ VPR » ' 13

IAIVTYSI=FNYNLLY Tly 5 17)
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D « HTZ.F #,T2.LABEL (UTZ.LABE L='HIGH' Cl)

A v o A o sq A 2 da o ~
mt)nmmummﬂmwmzwﬂuTmﬂasusuﬂ‘luuau'lﬂu ‘lﬂﬂﬂf]ﬂ'\ﬂ‘illlﬂ'lﬂ'lﬂ‘lf“lf

‘HIGH’ Walaafansan 5.24

MI1N 524D

T2.F# T2.LABEL

2 HIGH

E « p ,FUZZYTERM

A aa 3 ' P =) o A A
1300 meta table MAUMNIUNYINFFAD FUZZYTERM  AIMITWA 5.22 lﬂﬂﬂﬂ
& A = @ @ A o (" J] L4 I S
msnniane PBandgou lilsaadueanesugaimstinmnadlunmsnSouiiouauy

=S w v v
atenasnuluuaazgm
F « Ny3pur3apeL(E)

=) 4 ao’: A U aa J 2 [ v
lﬂﬂﬂ'ﬂ‘B‘Llﬂ'l‘lel1ﬂ%%ﬂ§ﬂﬂﬂﬂﬂg1ﬂlmﬂﬂiﬂ’]ﬂ ‘SALARY’ %3 F %3ﬂ51ﬂ§]ﬂ4[1ﬁl

=
AN 5.25

mﬂﬁ; 5.25F
T3.F# T3.LABEL
0 LOW
1 MEDIUM
2 HIGH
G « D XF

dunmidoulilsdnduss lnmsnSoufiounninufladidiug 9 mauaasds

M1519N 5.26
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ﬁn‘ﬂ\ﬁ‘; 526G
T2.F# T2.LABEL T3.F# . T3.LABEL
2 HIGH 0 LOW
2 HIGH 1 MEDIUM
2 HIGH 2 HIGH

Heo T4.SIMILARITY_DEGREE.VALUE 20.7 (G Y (12 p#=Ta F1#AT3F#=T4.F2#) PraSIMILARI TY)
AT4.SIMILARITY_DEGREE.VALIDTIME.TODATE V(T2.F#=T4 F2#AT3.F#=T4.F1#)

="9999/12/31+

3 S A r o4 o ‘l
wiwamsmndou TusamnnlSeuifisudoyalu meta table SIMILARITY #am15190
{ g -] M , ' vy =1 =3
5.27 MAUMANIANUARIYADY (similarity degree) YouAazgmmainHado1 1l Taseziy
o a o o a - o a9y a A ¥ = e D %
@MEAMANAY (Mimdoumzlimanianundonal (similarity degree)iy 1 1000) 1AL
Tisnammemindluilopiunazlismanianundonds (similarity degree) ANTMIBINIAY

v A o a'
amszydunludeuly wanaasdanian 5.28

M3 5.27 SIMILARITY
F1# F2# SIMILARITY DEREE
VALUE FD D

0 1 0.18 2008/1/1 2008/6/1
0.14 2008/6/1 2009/6/1
0.47 2009/6/1 9999/12/31

0 2 0.0 2008/1/1 2008/6/1
0.01 2008/6/1 9999/12/31

1 2 0.41 2008/1/1 2008/6/1
0.47 2008/6/1 2008/10/1
0.61 2009/1/1 2009/6/1
0.72 2009/6/1 9999/12/31
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M319N 528 H
T2.F T2. T3.F T3. T4.F1 T4.F2 T4SIMILARITY T4SIMILARITY T4 SIMILARITY
# LABEL # LABEL # # _DEGREE.VALUE i _DEGREE.VALI _DEGREE.VALI
DTIME. DTIME
FD .TD
2 |HIGH |1 |MEDIUM |1 2 0.72 2009/6/1 9999/12/31

I « nT3.LABEL,T4.SIMILARlTY_DE GREE.VALUE (H )

o o =
Tisendmmezdoyansuiludesld nanansdamsiei 5.29

AMINN 5291

T3.LABEL

T4.SIMILARITY_DEGREE.VALUE

MEDIUM

0.72

1 AT sxidlumsudannuninodeu lendludsdnsziilu Meta Table Wadws

3 J v 5 o e ’ d 4
gaton ldndesmainmlsdsnausiendsiusumnszynluldeuly (HIGH) Tae

: \ J " \J 4 A o \ e J
AlimANSINANTMSBMuA threshold MszapnTudonleds Tudednilldmmninnile

& ‘MEDIUM’

J

« Il TsE#T3LABEL,
T4.DEGREE.VALUE

o o i 1 o o "’ é y
kaanin lnndudunassaoum lugwdeyarsdiFiameds Filudeil

='9999/12/31'A
T6.SALARY TYPE=2

(l 04(T3.F#=T5.SALARY.VALUE) OT6SALARY.VALIDTIMETODATE(PrsEMPLOYEE Mg py-ve ey PreEMP_SALARY)

\J A 3 . L 3 A o v § :
Wumsasnasummeamninisdou 9 nhildmmszypnludeuly vadedniidnla

= - o [ a A a o J g o
NUIADY ‘MEDIUM’ ﬂilSlﬂuﬂ’lﬂﬂlﬁlf)‘lﬂ'ﬁﬁ')f]ﬂ'lﬂﬂi 0.72 HAANBLUAAIAINITNINN 5.30

A3 530 )

TS.E#

T3.LABEL

T4.SIMILARITY_DEGREE.VALUE

MEDIUM

0.72

)
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K & Nrse#smichn,| 0 tesararyvaLve=t2r# (PrsEMPLOYEE Mg cu—reru Pre EMP_SALARY)

1 AT6.SALARY TYPE=1
AT6.SALARY.VALIDTIME TODATE
=19999/12/31/

g’; d’ o » o ad P A
1u‘uum)uui)zmmsvlﬁ%’da‘umw%ummﬂqﬂmmqmumzqGluua'u'l‘u zli‘lu

o 9 == @ o [ a
AADUAIYANTININY 1 HAANTUTAIAINIGTIIN 5.31

MINN 531K

TS.E# T2.LABEL 1

2 HIGH 1

result « JUK

L dd' v A Q” \
AmarinHaanezinion'ly SALARY FEQ SHIGH THD 0.7 Wufiefn ‘HIGH
AUANSIMINY 1 WA ‘MEDIUM® fe@ansimiy 072 asiumaansamsunsiimu e

s sumeutunal M IAYEIAAIRIAT1N 5.32

M3 532 waans IS uns My HsFSaSsumeudunatn e

TS5.E# SALARY DEGREE

1 MEDIUM 0.72

2 HIGH 1

A ' @ . I [ ' L4 <~ § ) @ 9 v

N3fiN 2 MY (crisp) nSoumsuiuAmaNEHSE  Avsordudoyasinain
93110MAINFUXUTN (membership function) ABA1 Alpha, Beta, Gamma 1182 Delta MiJumi
Y CY d‘d’d o ' o = a A o a
1% @ flegiiu vazluntiMeudumwarinufed ‘HIGH 9101590 5.33 FIAA19IAMI5190

5.23 mwizanilegiiv

A13197 5.33 LAAIAIAI ] VB membership function ‘HIGH Tuuenn3iaa ‘SALARY’ mw1z

milegiiv

F# | ATT# LABEL TYPE POSSIBILITY_DISTRIBUTION VALIDTIME

ALPHA BETA GAMMA | DELTA FD ™D

2 |6 HIGH | Trapezoidal | 20000 | 24000 | 29000 33000 | 2009/6/1 | 9999/12/31
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MN8N Milegiunilsingainsefe E# = 3, SALARY.VALUE = 25000
Weisuium ‘HIGH” Tuanununoilsyiiveglusis ALPHA D3 BETA ¥03m1 ‘HIGH® A1l

25000 ADAMNINWISE ‘HIGH” AI10A1 possibility degree = 1 A331/ 5.7

8 1.0
VA |
1
0.8 .
0.6 !
) / : \ - = 25000
0.4 / ; \ HIGH
0.2 )
' =
0 | B ) ‘ll‘ﬁ'Tl | R e st gy s |
o o o o o o
S 88888 8 8
[¢)] i m w ~ (¢)] [ o™
— o~ o~ o~ o~ o~ m o

311 5.7 membership function Y83 ‘HIGH’ (RBUAUAIFAIY (crisp) 25000°

s fiaseumsh (5.1) Teoi x Aemdanu (erisp) Misinglugmdoua ez
v - e v @ A 3’ v ' o = 3 £ d'd’t!l
&A1 possibility degree  ¥OIMFAU (crisp)  NuABAMIIMIHFEY q Faluniine
JAL(29000:20000,24000,29000,33000) = 1
Q’I 1) 4 4 v r é ' v o \J d’
INSIZRZNY 25000 Moy lyAwan3MAY 1 3NN mMSBMIfua threshold
A < o =3 nd’t:’
szyinluitou’ly Suilusaouvesdniil
> »
Tuduiiowiiy algebra 18 3 nsdimwaums (5.1) @ansdinsesiuaans 14
' @ A 4 vy A & °
iy 0 eenly 1eenInd1 anuminevesdnsily o Avss lurudeuly 100%) Fdeariun

4
Mmagitioununanug
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[V€/21/6666,=81V Q0L INILAITY.A AVTVS 9LV
[1€/21/6666,=IVAOL TWIIAITVATLV

VIHDIHI=188VTIL

£'02(V.L98° NOILNGIYLSIA” ALITIAISSOd ZL
~VHd1Y'NOILNGIY.LSIA" ALITI8ISSOd Z.L)
1(@NTVA A4VIVS9L-
VHATV'NOILAGIYLSIA” ALITIEISSOd ZL)V
JLE/21/6666,=8LYAOLANILAITY A' AUV TVS 9LV
JLE/21/6666,=FLVA0LAWILAITVATLV

V.38 NOILNGI4.1SIA” ALITIISSOd ZL>ANTY A' A4V IVS 9LV
VHdTV' NOILNEIY1SIA” ALITIEISSOd ZL<INTY A AYVIVS 9L

VIHDIHI=T28VTIL

VI130'NOILNGIY.LSIA” ALITIEISSOd 2L>ANTVA AYVTVS 9LV
VWWVI NOILNEIY LSIA ALITIGISSOd ZL<ANTVA AYVIVS'9L

X J

™ J

\aM\Nﬂ\momo~nmhtnoh.m!ﬁQSﬁ>¥-«3<&.oh<

1€/21/6666,=21VAOL TNILAITVATLY

VWWVO' NOLLNGIYLSIA"ALITIISSOd ZLS ANTVA' AYVTIVS 9LV
V.LAE'NOILNEIYLSIA ALITIEISSOd ZLRANTVA AYVTVSI.L

VIHOIHI=138VTIL

(VWWVO'NOILLNGIYLSIA™ ALITIEISSOd Tl
~V.1190'NOILNGIYLSIA"ALITIEISSOd'T.L)
/(@NTV A A4V TVS 9L~
V.L130'NOILLNGIYLSIA™ ALITIGISSOd Z.L)
‘((02)Z4VHOUV A SV
ANTVA AYVIVS'9L) LSVO'HA'SL x> pT

(V.38 NOILLNGIY.LSIA ALITIEISSOd T
~VHdTV NOILLNGIY.LSIA"ALITIEISSOd ZL)
/(aNTVA A4V TVS 9L~
VHJTV NOILLNEIY.LSIA™ ALITIGISSOd ' Z.L)
‘((02)24VHIUV A SV
ANTVA AHVIVS'9L) LSV '#'S.L u- €7

) 3
‘((02)24VHIUV A SV
M ) | ANVARIVIVS 9L ISYI'RT'SLy — 11
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@ ' @ o = o ’ 4 - A
HAANFVUDINIYALIU (crisp) WSeumounumwamMEie® Ao

result « L1U L3UL4 uasanamsian 5.34

t!' v J ' = I [ ' o -~
ANINN 5.34 HAANTYDINIFALIU (crisp) tﬂ?uumuunnmmummﬁmm

TS.E#

SALARY

DEGREE

25000

ad ' ) @ 4 s 9 o v 4 a
n3din 3 anlsznunSsumsusuameinmuniisd desordudoyasinminesiung

¥ uaBn (membership function) ABA1 Alpha, Beta, Gamma {1ag Delta Y¥8IAIMNNININ

#ad mew nilumnld o gy nmsnil 533 uazminiowenumngveadii

\ s _a A - e
APPROX ilagiiuveauonn3iion SALARY #aiiA11J51n@e meta table ATT APPROX_DEF

313190 5.35

A2

- ﬂTuﬂﬂ.TlJﬂNME,MPRDX_DBF.VALUE o

HOANBUAAIAIAITIIN 5.36

T1ATTNAME='SALARY'A

C1.APPROX_DEFVALIDTIMETODATE

A1319M 5.35 APPROX_DEF

='9999/12/31/

ATTH# APPROX DEF VALIDTIME
FD ™D

6 1000 2008/1/1 9999/12/31
7 5 2008/1/1 9999/12/31
14 10000 2008/1/1 9999/12/31
ﬂﬁ'l\‘l‘?; 5.36 A2

T1.ATT# T1.ATTNAME C1.APPROX _DEF.VALUE
6 SALARY 1000

(PrsATTRIBUTE 7y srrweciarrs PeiATT_APPROX_DEF)
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HAANTYDINMIAIIUNINUARAD
result « J UK ULUM U@AIRIA1519N 5.37

. s o
AN 5.37 HAAWTYDA current retrieve

E# SALARY DEGREE
1 MEDIUM 0.72
2 HIGH 1
3 25000 1

o v ° et 4
Tumetndsdmiudmawniten lvnSoumounuy  FEQ(Fuzzy Equal) 3di0q
21FEAANIANUAAIOAAY (similarity degree) TumMsmimaoy - uath1¥dnSounounafles
4 ) A o~ L 4
du ) 1%U FGT(Fuzzy Greater Than...), FLT(Fuzzy Less Than...) ﬁ‘lué’u FIUOUAINIT1N 2.6
witundeyailFlumsnSsumouamaninniad 2 mla q Aea1 Alpha, Beta,
U o = Q’l’ J 4 v d”d v A a o o a
Gamma (102 Delta Y9IMWIUNHATIY q Feauvaitinemnoiuions IWHINTUa¥n
(membership function) YpammnimuHad1a q fazii 2.10
o ’ o d' a 3 ) J C WV d' v = d'd 4
Arednvesmmuneunavwsuew “a wgiulasihmldasutwaounien

agluszaunnninhunae”

Wowily TFSQL 14dai
SELECT E#, SALARY
FROM EMP SALARY
WHERE SALARY FGT $MEDIUM THOLD 0.8

M A e - ' e
Tudhuveadeuly fe  1&5ududewinnniiszauhunaly  (SALARY FGT
J 4 A o o ’ -
SMEDIUM THOLD 0.8) #i1 threshold fiszyduweriluszanlumsvensuimsiududou
’ Y ' v a ay A v V@ = ° ° &
nnnszauunandemszauans tesigadeuniiu 0.8 Jsezunilusaeuveaminnil
>
dmSudmfSouiioy FGT tiudeserdodoyaninns flanduaundn (membership
J ' aa A LY
function) vosRMNIAINHYFA 9 lunennitng SALARY  dsdeailudeyailepiudie

4 —_— o
iieanmilusioiiGongdeya a flegiiu
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Tudou lviismaninuiadla q deaiwwlSouieun FGT fiu ‘MEDIUM® @10

b v '
AANIINN T3 U MUIUNINTOWAINTIIN 2.6 HLTAINAMIAIUIVAINT N 5.38

MINN 538 uaaamansveamsifSoumousmaninimla o dus ‘MEDIUM® TasTenleisu

FGT
MEDIUM
HIGH 1
MEDIUM 0.5
LOW 0

wiituhamadnniladiiezruidenly SALARY FGT SMEDIUM THOLD 0.8
Yufef HIGH #auAnsnmii 1

uazdmivmdoyainlsingdiumaan (crisp) Ao B4=3 T SALARY = 25000 11
fin 25000 nisvuisudisdmSouisumaiied FGT *fum ‘MEDIUM’ Iuanumaneilegiiv
(a = 15000, 8 = 20000,y = 23000,5 = 28000) Tau"l‘fx'qmmnmsnﬁ 26 Awunsi

(5.5) uanane il Tasdmiusvae (crisp) 1in Haom o = B =y =46 = 25000

1 th Ya = 63
D) Sa-YB
degree =\ Grym-oaon N Ya<05&5,>vp (5.5
0 o

INSIERLIY degree = (25000-23000)/(28000-23000-25000425000)=0.4 A Ionu'ly
12 luaums (5.5)

» »
MADUNINUAUTAIAINITIN 5.39

MINN 539 HAANTUBINISAIS

E# SALARY DRGREE

2 HIGH 1
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5.6.2.2 msiengieyamuyanamimmualaal¥iGerluWad (Fuzzy Sequenced
Retrieve) .
fOMUUY Sequenced Retrieve ABABIMIMABUNAFINAMMNUA oI
v Ed v
Wy “lasihennonsemasldsududouge” dmsumaniidesmsdoyavesdin 145
a A aa a oA u’: = ¥
Iudeuntonududougs AuroAmiiuduin
14701358 VALIDTIME szywdh SELECT meidlumsisveniniiumonuuy

Sequenced UUVABINMIMABUNATINIATIIINg lugudoya

VALIDTIME SELECT E#, SALARY
FROM EMPLOYEE

WHERE SALARY FEQ $HIGH THOLD 0.5

v ¥
a aad o ¥

fewlvyesiriiisominnudes Idsududeuiidouilufmdongs  msrzaziy
1¥nfSouiivuneflesd FEQ fio SALARY FEQ S$HIGH (azlinmsfvuan threshold AiB 0.5
Humstaeniminei i 8TmEudendlumwninuniled HIGH ase q fansaiiu
fnouveIRIIi g Taofmoutiudostimanivosnnuiiusimeuminnimienhdum
threshold ifmua Taosnunuldnnidou Tviiszydun

» k4 ¥
ninfsansoutlauiiy Algebra Tdmudunoude lildi

A 7 -~ I [y o I ’ d ~ v
nIAn 1 waudmdaFnlSeumeunumainelesd  Amuianniled 2 aila ¢
o S A s & ¥
nfSeudisuiudis FEQ eslddoyafninnundonds (similarity degree) 0glu Meta-

Knowledge Base

v
YUADY A-G Iniioun 1u Current retrieve

H « G % (72 pg=rar1#aT3.F#=Ta.F2#) PraSIMILARITY
V(T2.F#=T4.F2#AT3.F#=T4.F1#)

wamamidou TlsanumfSoumoudeyalu meta table SIMILARITY fams1an
A d U s o N J vy o
5.27 MAUMANTANUARIWARAS (similarity degree) voauAazgAmMNInAadionld Tasezify

mWIZAINANAY (fmiloususeiim similarity degree 11U 1 1010) HAUAAIRINISIIN 5.40
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M3 5.40 H

T2.F# | T2.LABEL | T3.F# | T3.LABEL | T4.F1# | T4.F2# _T4.SIMILARITY_DEGREE
VALUE FD TD

2 HIGH 0 LOW 2 0 0.0 2008/1/1 | 2008/6/1

2 HIGH 0 LOW 2 0 0.01 2008/6/1 | 9999/12/31

2 HIGH 1 MEDIUM | 2 1 041 2008/1/1 | 2008/6/1

2 HIGH 1 MEDIUM | 2 1 0.47 2008/6/1 | 2008/10/1

2 HIGH 1 MEDIUM | 2 1 0.61 2009/1/1 | 2009/6/1

2 HIGH 1 MEDIUM |2 1 0.72 2009/6/1 | 9999/12/31

I « n1‘2.LABEL,T3.LABEL,T4.DEGREE.VALUE,T4.DEGREE.VAUDTIME.FROMDATE,TQ.DEGREE.VALlDTlME.TODATE (H)

d ) Ao d’ o P
Tﬂsmﬂnmmzmmnﬂwum HOLTAIAINITNN 5.41

AN 5.41 1

T3.LABEL | T4SIMILARITY. | T4.SIMILARITY DEGREE. | T4.SIMILARITY DEGREE.
DEGREE.VALUE VALIDTIME.FD VALIDTIME.TD

LOW 0.0 2008/1/1 2008/6/1

LOW 0.01 2008/6/1 9999/12/31

MEDIUM | 0.41 2008/1/1 2008/6/1

MEDIUM | 0.47 2008/6/1 2008/10/1

MEDIUM | 0.61 2009/1/1 2009/6/1

MEDIUM | 0.72 2009/6/1 9999/12/31

; Q’I 4 A 4 4 ﬁ’ Ll [ 3% ]
nndusou A1 udussume I ldinFmvemninniadou q #hilem
wefunsyynludeuly CHIGH) TwfSsuisusumainuilad HIGH udlisanianu
e > ' ' M & o " & o .
ARIWADI (similarity degree) 11113 & ¥ IMU FaHAUAAIAY relation T F9ADIN relation
1 panasvasuiumdeyalugudeyadaFiFuiaidiotns (EMP_SALARY)
v : o c‘ A S A o
aouniluduaewhdeyaiumlannumunoou lsfledsoudeondnnaissaeniv
4 - o ' P o oy a4
mdoyalugudoyaflaFiFuwrardiodnn  Fuzuhmanianuadionds (similarity degree)

4 A » @ A ' 2 o v o
YDINIUMBINFF UMY L | mmmﬁ’mnunmulmu'lwmm threshold ¥391NAIBYNNIDY
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WYY sequenced Hudvamsmasunnnnamlnglugdeya  dniulumsuSouioud
AnNTANUATIAAY (similarity degree) Tw¥amAn q Aumdeyalusianmdn 9  ves
- o L] : = @ L é -~

yudoyailadidinmdiedn uewszfemsdowiviuvewaiiiunaeguuudadou
sonuniiuununmnsdiooninlddauaaaluzii 5.8

103U 5.8 uaaslaezunsuYBINsAiA1 q YBIMIFOUNUNUYBIIAIVDY fact Ty

- a (9 v A A:‘d’d o v = 1 A A
gudoyafaduiamiiesn Fluiiiie EMP SALARY fusaanaiveamsidamaniniy

é 1 ¥ =] ‘: ) s ‘
AEIAAY (similarity degree) Falu 4 nsdiusn (UM 5.8 a) HvziRasufunsdindoyavesmani
ANUATIARA (similarity degree) Wwiludoyahineiiios ua 6 n3dinds (U 5.8 bc) AR
ﬂt:i - = & 3 5 = ' A A’q v t;

nsdindoyamAninnundionds (similarity degree) Hnnat  Fddoyailifianagnvun
szuvahmslseliumAninuAMIAG (similarity degree) 9Indayalndinvant1adnTula
A o \ 1
e I lAwadwimusanmiidesmsasudiu  wennindoyawos fact szdesnsivaoy o
' = [ P A = N & v o =< ° o’: v -
FNIAURIAVMANTANUATIOADY (similarity degree) A2 FoyaniszAumilumaouriudosd
- A & 9 v d’ Vi ey " &A =4 £ Y. . o a
mAnvewlouly Fanindreenig ldvinmanianuadienda (similarity degree) w09 lim

NANTINTOIMNAUAN threshold N3z N TuA3 A0



fact
Case S: I a
fuzzy term
Possible Result : }—ﬁ'ﬁ
fact
Case 6: I 3
l fuzzy term N\
| 5 g
Possible Result : '%
fact
Case7: I a
| fuzzy term N
[ 7
Possible Result : l'——'_-)
(b)
fact
L 0\
Case8: I 7
fuzzy tenm
- . | ™
Possible Result : I -
faet a
Case 9: L
ase - 9
fuzzyt
}.“"”-“"\ 27y term

Possible Result : |_____)

Case 10: f 3

Possible Result : '—%

(©
JUN 5.8 LAAUHUAINVBINIFOUNUAUYDIINTININ fact H1 NI F

121



122

»
a A

Mptnmi  sxveldmsnnngudeyailsdiduwinidieds viadeyalumsn

EMP_SALARY Nfiau a1z E# =1 Aan1519N 5.42 .

TN 5.42 ArwdumInTudeyaisFiFurariiedn

E# SALARY SALARY_FD SALARY_TD
1 MEDIUM 2008/1/1 2008/7/1
1 APPROX 24000 2008/7/1 2008/11/1
1 MEDIUM 2008/11/1 2009/10/1
1 HIGH 2009/10/1 9999/12/31

Tuduusnezassaeumimilumainuilsdnhildmdorsunszynludeul

’ P4 A v oA oA A A a = N~
@Emuinniladndusuderiutenly sslimanianuadionds (similarity degree) 1ilu 1 9o
' = 14 v @ e @ VA =< o B . v d’
¥ 39 hififlgmimsdounuiuues fact AIMANTANUARIBARY (similarity degree) tMandl

A a a A ' VoA e 2
wiimansvoatonluihy 1 teuemuTnMe fact) wondummimanianuadionis

Q . \ A pas. 2 A ’ é
(similarity degree) fiuf1 ‘HIGH annnimSeniiny 0.5 Fndedr ‘MEDIUM’  #nlsinglu
¥ v

MAWTNINT  UATHADNF NI WNUUNTIMANTANUAIEAAY (similarity degree) WA

- e e 4
0 0.5 wadwssznaaIns laozunsuzii 5.9




E#=1

CASE 4:

CASE 2:

CARE 10:

CASE 2:

2008/1/1 E#=1, MEDIUM 2008/7/1
L Y
| 7
2008/1/1 . 2008/6/1 2008/10/1
L sim= 0.41 ~ sum=0.47 -
! A . 7
2008/1/1 2008/6/1
I B
MEDIUM,0.41 =
2008/1/1 E#=1, MEDIUM 2008/7/1
l 2.8
| 4
2008/1/1 ; 2008/6/1 2008/10/1
- sm= 141 \| [///7 ~ Sy 0.47 )
—_ Y ZA )
2008/6/1  2008/7%/1
MEDIUM,0.47
2008/ll 1/1 E#=1,MEDIUM 2009<lﬂa‘l
I 7
2009/1/1 2009/6/1 9999/12/31
061~ sim=0.72 :}
2008/11/1 2009/6/1
; p
MEDIUM,0.61
2008/11/1 2009/10/1
- E#=1,MEDIUM N
| '
2009/1/1 2009/6/1 9999/12/31

Wi 4 Sl B
<

2009/6/1 2009/1071

MEDIUM,0.72

123

311 5.9 dedumsidinsdivesmsnngudoyafladFurardiodnaves E4=1 nsdinarinim

HadlSoumoniunatinimnles
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dmsunsdivesmmaimudesdaSeudmoususmaimuilad  sldnadnia

A1319N 5.43

M31N 5.43 waawsvaamwa i aFuSsufousune s

E# SALARY DEGREE FD TD
1 MEDIUM 0.61 2008/11/1 2009/6/1
1 MEDIUM 0.72 2009/6/1 2009/10/1
1 HIGH 1 2009/10/1 9999/12/31

~A &, . = [V L4 ~ v o 9 " A
5@ 2 Mdau (erisp) lfoumsuiumwaimmnied - deserfvdoyanindii
o510 FUAIITN (membership function) ABA1 Alpha, Beta, Gamma 11a2 Delta MUFIAH

ﬂ a 1 P o i Ag o " w - A i 1 a
AueTamuanandnng fact o firedeil hilsngaidamu (crisp) aaiunsdifinglifa

0381 3 - AlszananBoudfvususmadineilss

[JUIABY APPROX 24000 119231981 [2008/7/1,2008/11/1) Wiienwanlszans Tao
APPROX_DEF(d) = 1000 1119231781 [2008/1/1,9999/12/31)  aisafumevinmuiflesd ‘HiGH’ i
$ra9m1 [2008/6/1,2009/10/1)  FeRewenssranannessvesmiadduaingn (membership
function) eon lmulavzunsugilii 5.8 nsdif 7 Waseunquiiiu [2008/6/1,2009/11/1) wana
Fagulii 5.10

E#=1, APPROX 24000

2008/7/1 2008/11/1
VS N\
| /
2008/6/1 2008/10/1
| HIGH(21000,23000,25000,27000) ~
| )
2008/7/1 2008/11/1
l Y

CASE7: I 7
APPROX 24000,1

31 5.10 MedumsidinsdivesmsvesgwdeyailadiFinmdiniaves E-1 nsdl

alszananlSoumeusunatiniydess




as = v A o 9 o
Wmsmmanivesmsiuitenluilufney qldnngald s.11

0.8 L:‘!\

0.6 !‘ \

aa

0.2 (] ) \

0 ——— - ‘ X—ﬁ
- - ~N o~ o~

= == APPROX 24000

HIGH
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p=1

311 5.11 msnfSeuiouseninzg APPROX 24000 1 “HIGH’

acy J 9 & v o - o v
IEMINIMANUANADITSHINNIUM IR E AUz

m1dnnanuga

¥99YA YOI MFOWITL (intersection) NgaNgAveY 2 MAFUANTN (membership function)

v
AaiuIndonaany ‘HIGH’ a20ansniny 1

@ o‘: Yo a
naoninanuaagl 1dnanisien 5.44

MINN 5.44 HAAWTVDY Sequenced Retrieve

E# SALARY DEGREE FD D
1 APPROX 24000 1 2008/7/1 2008/11/1
1 MEDIUM 0.61 2008/11/1 2009/10/1
1 MEDIUM 0.72 2009/6/1 2009/10/1
1 HIGH 1 2009/10/1 9999/12/31

Vv ]
FMTUM0IU3219N temporal join HUsAAIBENMDIMTY “IasThefinensomss

o _ o .d’ o H — v 4 .
TauSudeune q M Tuniidesnminnu 2 aula 9 MdGudeusmite 9 @ ¥em

a o o oy e ' & dw!ﬁvﬂad:ﬂ’dl
1A83INU l!51ﬂ1ﬂuuu1ﬂ1l~1ulﬂ8u2 ﬂ11ﬂ¢]uuu’lﬂﬁﬂlﬂ"tﬂ]ﬂ‘\lj’lﬂﬂj‘“ HRUIADUNUATIND )

funseli

VALIDTIME SELECT T1.E#, T2.E#, TI.SALARY, T2.SALARY

FROM EMP_SALARY T1, EMP_SALARY T2
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WHERE T1.E# <T2.E#
AND T1.SALARY FEQ T2.SALARY THOLD 0.5

Taonludruveaudoulums join HuABsTHaMINOUVRIMTNNIUALN 1 YouniiAY
d' A d' P J d' ] ' =) Y =) U 4' a
N 2 wevznlSoumousznin 2 aula q Nhilsawdondy  wezidenmmiziaaiig
mgmsaindouiu  nazlisudwdouniedme q A1 Ao MI.SALARY FEQ M2.SALARY
THOLD 0.5 1ImsMvuan threshold fin 0.5 AeMmasiudaalimansvesnnumiudiney
\ 1 e ' d’o o A 4
NANTIMTBMNAUA threshold Afmua Taodaldnndeu lunszpdun
v b d 4
nnAdsausanlauiiy Algebra Tdmutuneuda i
ouaunsn nideyaveawinau 2 aula q AlimAudsula 9 lusinandvinu
(temporal join 3213195 NUAAIIOYA SALARY 910915199 5.19 join HUIDI)
& 9 @ ] S c:’
Famsdeunuiuveaauniuilu 4 nsgidade T

N3N 1 naaInlaoznnsugin 5.12 (a)

11 « 11 T5E#TSSALARY.VALUE, PprsEMP_SALARY > TS.E#<TGEH preEMP_SALARY
T6.E#T6SALARY VALUE, ATGSALARY.;ALIDTIME.FROMDATE
TSSALARY.VALIDTIME FROMDATE, STS5.SALARY.VALIDTIME TODATE
TS.SALARY VALIDTIME.TODATE ATSSALARY.VALIDTIME.TODATE
<T6.SALARY.VALIDTIME.TODATE
T5
} A,
g
T6

3N 5.12 (@) Madeurivveanansdin 1

@& J s a @ " = 9 o
Nﬁﬁﬂﬁil'lﬂﬂ'li'Nilﬂwlj'luﬁﬂQﬁﬁ"l‘%l‘]‘\ll’]ﬁ'lﬂ'lﬂﬂ'liﬂ'li“ﬂ 5.19  wuvnIan 1

HAAINAANTAINIT N 5.45
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M 54511
T5.E | SALARY1 | T6.E | SALARY2 | TS.SALARY.VALIDTI | T5.SALARY.VALIDT
# # ME.FD IME.TD

1 MEDIUM |2 HIGH 2008/11/1 2009/10/1
1 HIGH 2 HIGH 2009/10/1 9999/12/31
1 APPROX |3 MEDIUM 2008/7/1 2008/11/1

24000
1 HIGH 3 25000 2009/10/1 9999/12/31
2 MEDIUM | 3 MEDIUM 2008/7/1 2008/8/1

nsdin 2 uﬁmﬁ’ﬂﬂezumuzﬂ‘r’; 5.12(b)

12« N rsewrssaarvvawe, | prsEMP_SALARY TSE3<T6EN preEMP_SALARY

UAAIHAANTAINTT 1IN 5.46

T6.E#,T6.SALARY .VALUE,
TSSALARY.VALIDTIME FROMDATE,

T6SALARY VALIDTIME.TODATE

HaANTRINAI NYBIg eyl TFImAIBoNMIIN 5.19

ATS5.SALARY VALIDTIME.FROMDATE
>T6.SALARY VALIDTIME.FROMDATE
AT6.SALARY VALIDTIME.TODATE
<TS5.SALARY.VALIDTIME.TODATE
ATS5.SALARY.VALIDTIME.FROMDATE
>T6SALARY VALIDTIME.TODATE

T5

Y

T6
A\

7

311 5.12 () Mm3douiuveININIAN 2

/

) A
yuUNNIUN 2

ﬂ]ﬂﬁi 5.46 12

TS.E | SALARY1 | T6.E | SALARY2 | TS.SALARY.VALIDTI | T6.SALARY.VALIDTI
# # ME.FD ME.TD

1 MEDIUM |3 MEDIUM 2008/11/1 2009/1/1

2 HIGH 3 MEDIUM 2008/8/1 2009/1/1
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N3N 3 uaasns laezunsugilin 5.12 ()

I3 « I TSE#TSSALARYVALUE, prsEMP_SALARY © TS.E#<T6.E# preEMP_SALARY
T6.E#,T6.SALARY.VALUE, AT6.SALARY.VALIDTIME.FROMDATE
T6.SALARY.VALIDTIME.FROMDATE, >TS_SALARY.VALIDTIME.FROMDATE

AT5.SALARY.VALIDTIME.TODATE
<T6SALARY.VALIDTIME.TODATE
AT6.SALARY.VALIDTIME.FROMDATE
<TSSALARY.VALIDTIME.TODATE

T5SALARYVALIDTIME.TODATE

T5

T6

v
=

31 5.12 () MdoUTVVOIMINTEIN 3

R.

o  d o a o v A I
waawﬁfnmﬂ151wmgm‘ﬁagaﬂmm&nnmmatmmswn 5.19 mﬁhnsm‘n 3

HAAINAANTAINIT 1IN 5.47

ﬂ]’]wﬁi 54713
TS5.E | SALARY1 | T6.E | SALARY2 | T6.SALARY.VALIDTI | T5.SALARY.VALIDTI
# # ME.FD ME.TD
1 APPROX 2 HIGH 2008/8/1 2008/11/1
24000
1 MEDIUM |3 MEDIUM | 2008/3/1 2008/7/1
1 MEDIUM |3 25000 2009/1/1 2009/10/1

N3N 4 waraIas laezunsugui 5.12 (d)

14 <« I1  T5E#TSSALARY.VALUE, prsEMP_SALARY TS.E#<T6.E# preEMP_SALARY
T6.E#.T6.SALARY.VALUE, AT6.SALARY.VALIDTIME.FROMDATE
T6SALARY.VALIDTIME FROMDATE, >TSSALARY.VALIDTIME.FROMDATE

AT6.SALARY .VALIDTIME.TODATE

TOSALARY.Y ALIDTIMETODATE <TS.SALARY.VALIDTIME.TODATE
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T5

T6
I N

! /

31 5.12 (@) MmsFouniuvesnansdin 4

@ o 9 - a LY " a k) PP
Naamiinnﬂ1s1wmg1um0gaﬁwnmnmmamm1s1m 5.19 UNNNIUN 4

llﬁﬂiﬂaﬁ’ﬂfﬁﬂﬂlﬂiﬁ 548

s ni‘; 5.4814
TS.E | SALARY1 | T6.E | SALARY2 | T6.SALARY.VALIDTI | T6.SALARY.VALIDTI
# # ME.FD ME.TD
1 APPROX |2 MEDIUM | 2008/7/1 2008/8/1
24000
1 MEDIUM |3 LOW 2008/1/1 2008/3/1
2 HIGH 3 25000 2009/1/1 9999/12/31

J «I11UI2U I3 U4 §msadi 5.49
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AN 5.49 7 HAANTMS join NUTEHIN Employee 2 1a 9 inadouniuiiu

T5.E# SALARY1 T6.E# SALARY2 L FD TD

1 APPROX 24000 2 MEDIUM 2008/7/1 2008/8/1

1 APPROX 24000 2 HIGH 2008/8/1 2008/11/1

1 MEDIUM 2 HIGH 2008/11/1 2009/10/1

1 HIGH 2 HIGH 2009/10/1 9999/12/31
1 MEDIUM 3 LOW 2008/1/1 2008/3/1

1 MEDIUM 3 MEDIUM 2008/3/1 2008/7/1

1 APPROX 24000 3 MEDIUM 2008/7/1 2008/11/1

1 MEDIUM 3 MEDIUM 2008/11/1 2009/1/1

1 MEDIUM 3 25000 2009/1/1 2009/10/1

1 HIGH 3 25000 2009/10/1 9999/12/31
2 MEDIUM 3 MEDIUM 2008/7/1 2008/8/1

2 HIGH 3 MEDIUM 2008/8/1 2009/1/1

2 HIGH 3 25000 2009/1/1 9999/12/31

910 4 Nt d19du IdnaanTuNTuMS join FUVBIAMII1INUIAIAT SALARY Taud
A v 9 v d' é A A [
weulud E# weamsnusniieoniimsianaes ieiilumsnlomioy employee Aunilaiunu
A { v "o ' 4 @ L ' ~ ‘:’
ouq hil9des e VALIDTIME ¥4 employee doanuiiduinuiueg msizaideansy

d' ~ -~ T -~ = -~ L L . =l o Y d'
ninolduAe i As ldRuAsuneiu q A lusrnanferiu fdwmsnn 5.49

o P o = @ o P
nsain 1 warumuasaSomnsunune iy Ned
o ﬂ’l’ - o A v L4 = c’;
1119UADUIN A-F (310 Current Retrieve) laoiaanamaiinmndasanivualuue
aa o 3 = o : o d’u d' =
AN31TIA SALARY nunilouiunaaesaaisn  msizannmoutiianuiy ) 18nezfans

= ' ' o = ’
nSeuisusgnieamainiad 2 mila q nouou
G <« DXF

nmiiFeuTlsanduezi@nmsuSoudiounninnfladiiiug 9 wauaads

=
AN 5.50
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MINN 5.50 G

T2.F# T2.LABEL T3.F# T3.LABEL
0 LOW 0 LOW
0 LOW 1 MEDIUM
0 LOW 2 HIGH
1 MEDIUM 0 LOW
1 MEDIUM 1 MEDIUM
1 MEDIUM 2 HIGH
2 HIGH 0 LOW
2 HIGH 1 MEDIUM
2 HIGH 2 HIGH

H « G ™ (72 rg=rar1#aT3.F8=TaFr2#) PraSIMILARITY
V(T2.F#=T4F2#AT3 F#=T4.F1#)

viwamsmiidou hlsdmnnfSouioudoynlu meta table SIMILARITY am1319f)
527 s similarity degree YoARzgAMaYMMTaFS Taoszifummismiaaiy
Fmileususziisianinnundiond (similarity degree) 1513 1 1211B)

wlédmAnianundionda (similarity degree) voamRZANIINIHFFH il

weaiu uaasasluSiadu H nnvsnamimmualufssdemsiai 5.51




MINN 551 H
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T T2. T T3. T4 | T4. | TASIMILAR | T4.SIMILARITY | T4.SIMILARITY
2. LABEL 3. LABEL F | F2 ITY _DEGREE.VALI | DEGREE.VALI
F F | # _DEGREE.V DTIME. DTIME

# # ALUE FD .TD

0 | LOW 1 | MEDIUM |0 |1 0.18 2008/1/1 2008/6/1

0 | LOW 1 | MEDIUM (0 |1 0.14 2008/6/1 2009/6/1

0 | LOW 1 | MEDIUM (0 |1 0.47 2009/6/1 9999/12/31

0 | LOW 2 | HIGH 0 |2 0.0 2008/1/1 2008/6/1

0 | LOW 2 | HIGH & 2 0.01 2008/6/1 9999/12/31

1 | MEDIUM |2 | HIGH 1 |2 0.41 2008/1/1 2008/6/1

1 { MEDIUM |2 | HIGH | o ' 0.47 2008/6/1 2008/10/1

1 | MEDIUM |2 | HIGH 4172 0.61 2009/1/1 2009/6/1

1 | MEDIUM |2 | HIGH )R |/ 0.72 2009/6/1 9999/12/31

Aeuifumsiodmeusingash 1 fmlamumnodeu lviled@isoufeoudan
[ % 'Y a a (% " A d'd” ['3 o <
asvasufumdoyalugrudoyafsdiBurainaetns Fluniiiumoiumwy emporal join 39
T¥msnvesgmdoyaradiFauro1daed1en join iSsudosuda9ne i 2
v ns” A =) o - ' [ L= ' A
ae Wiisitlunsasnaeuiitudeuvesminnuasiaudoime q duniell ¥
Uszneu e 10 nsdivesjduuumsdouiuiuueanaidagili 5.8 udhedu uazaunezd
° 5 b4 a1 a2 A v = N V. ' A ¥ & a
wnfludimeiudeadinaninundonds (similarity degree) M1NNIMSBINIADAT threshold

ssynlufal wadniuaafanIsIan 5.52

MINN 5.52 naaanaansveansimuHasnSounoudsunainuHadn i lyaudeasy

TS5. | SALARY1 T6. SALARY2 T4.SIMILARITY _ FD TD
E# E# DEGREE.VALUE

1 MEDIUM 2 HIGH 0.61 2008/11/1 2009/6/1

1 MEDIUM 2 HIGH 0.71 2009/6/1 2009/10/1

1 MEDIUM 3 LOW 0.18 2008/1/1 2008/3/1

2 HIGH 3 MEDIUM 0.47 2008/8/1 2009/1/1
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¥ ]
dnnsdisehlil AensdlvesgnaimuieziwnnSeudouiuidlusudondu ao

o ’ 4’ o Aaa a ﬂ
ﬂTﬂﬂUlﬂﬁ1uﬂ$lﬂuﬂ1ﬂfJ‘Uﬂﬂﬂﬂil U1

L « Nrsk #,T5.SALARY VALUE, (UTS.SALARY.VALUE =T6.SALARY.VALUE] )
T6.E#,T6.SALARY VALUE,
1,FD,TD

NALAAINIAIT1IN 5.53

M3 N‘?; 553L

TS5.E# SALARY1 T6.E# SALARY2 1 FD TD

1 HIGH 2 HIGH 112009/10/1 | 9999/12/31
1 MEDIUM 3 MEDIUM 1 | 2008/3/1 | 2008/7/1

1 MEDIUM 3 MEDIUM 1 | 2008/11/1 | 2009/1/1

2 MEDIUM 3 MEDIUM 1 12008/7/1 | 2008/8/1

NIdN 2 MFau (crisp) WSvmisufusmadnnled

uaasmsnfSouiion1aasg1ln 5.13-5.16

|

7 T\

0.8
0.6

04

%

0.2

0 =

:

25000

MEDIUM[2008
/6/1,2009/6/1)

l‘:

nndeyalumsii 5.49

0

31 5.13 wamamsufSsumsusgn e mninmnfad ‘MEDIUM® & ¥230m

[2008/6/1,2009/6/1) fAUMFAIIU (crisp) 25000
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/ \o

0.8 / ;
0.6 - = 25000

0.4
0.2 / \ MEDIUM[2009

\ /6/1,9999/12/

- 31)
:

1

1

1

!
g

:

15000

17000 -
19000 !
21000 |
23000
27000 -

__ 28000-25000

~ 28000-23000
= 0.6

Ui 5.14 namamsnfSsufisusgnieamaninfed MEDIUM’ & ¥am

=

[2009/6/1,9999/12/31) MUAIFAIIY (crisp) 25000

oo LA Lo s

/i
0.4 / E \ BN g
e / : \\ e HIGH[2009/1/
0 3= 4 4NN = QNS 1,2009/6/1)
888888888

H 7/1
311 5.15 uaasmsnfSsuiisussn A meinunied HIGH & ¥2310a0 [2009/1/1,2009/6/1)

AUMITAIY (crisp) 25000

i
0.8 1
/ 1
1

08 / : \ - = 25000
0.4 i
1
1
I

0:2 /

1,9999/12/31)

\\ HIGH[2009/6/

u=1
31 5.16 uamsmsnfSsuifisussninamainied HIGH” a ¥

[2009/6/1,9999/12/31) AMUMFAIIU (crisp) 25000
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WAANTUAAIAINITIN 5.54

d' o d - v Vo . u‘ ' o =)
MINN 5.54 HaanTvoImsulsounouseniemyany (crisp) AuMWILMY NG

TS5.E# SALARY1 T6.E# SALARY2 DEGREE FD D

1 MEDIUM 3 25000 0 2009/1/1 | 2009/6/1

1 MEDIUM 3 25000 0.6 2009/6/1 | 2009/10/1

1 HIGH 3 25000 1 2009/10/1 | 9999/12/31
2 HIGH 3 25000 1 2009/1/1 | 2009/6/1

2 HIGH 3 25000 1 2009/6/1 | 9999/12/31

ad ' ~ @ b P - ) P
N3N 3 ﬂ'lﬂszu']ﬂ“]ﬁun(“uuﬂUﬂ’]w%uﬂ']H.lﬁ‘]fclf i]‘lﬂmﬂgﬁcluﬂ'ﬁ'l\’" 5.49

uarasmstiSouiion 18dagU 5.17-5.18 Tasldinuanlszmamugisnarilsingasatums
Usingamarinfladaie

0.8 / \ ’

0.6

NP S
0.2 / | ! MEDIUM|[2008

i I
0 ,__L__\;PP‘,_‘_'_X,_, /6/1,2009/6/1)

== == APPROX 24000

S =] 2 90 o
g8888888888¢
n O™~ 0 O "N M Ih O
o H A HHNNNNNNN
5-x—d 25000-24000+41000 _ 2
R, x>yandx—d <4
= §-y+d 25000-22000+1000 4 0.5 when Y

U 517 uamsmsnlSsufisusenheameinnilad ‘MEDIUM’ a1 ¥2am

[2008/6/1,2009/6/1) fuA1lszu128 APPROX 24000 [2008/7/1,2008/11/1)




1

0.8 / "! —

0.6 / .l"

o / '\

NEVARNEEAN

.0 / Jr |
S2E8E82888¢88

U5z APPROX 24000 [2008/7/1,2008/11/1)

b @ A
NﬁaﬂﬁuﬁﬂﬂﬂﬂﬁWiNﬂ 5.55

HIGH[2008/6/
1,2008/10/1)

= == APPROX 24000
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p=1

U 5.18 naasmslSsuifisuseninameinuled HIGH” & $3319a1 [2008/6/1,2008/10/1)

a o J 1 o v v o 4 =
MINN 5.55 Nﬁﬁ'ﬂlﬂlfNﬂ'ﬁllﬁﬂ'ﬂl“ﬂ'ﬂﬂuiﬁ"')“ﬂ']ﬂSzll'ﬁllﬂ'lJﬂT'NQUﬂ'lH'lﬂ%‘l

TS.E# SALARY1 T6.E# SALARY2 DEGREE FD TD

1 APPROX 24000 2 MEDIUM 0.5 2008/7/1 | 2008/8/1
1 APPROX 24000 2 HIGH 1 2008/8/1 | 2008/11/1
1 APPROX 24000 3 MEDIUM 0.5 2008/7/1 | 2008/11/1

o [ Jq’l’ o = s =) = A -
HIHAAN TN UANIMINTYIUYUNY uazlaaﬂmmzﬁmaunmuuauhmﬁ"wﬂns

d‘ ./ J o ' % - & o ﬂ’l o 4
nmNnnImMIenIAum threshold Mszyuntudouly o 0.5 Fdmounanuauaadamsan

5.56 lauissadunindmiaeunians unluans oy




M 3197 5.56 HAAWTUYBINIAITUVY temporal join
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T5.E# SALARY1 T6.E# SALARY2 DEGREE FD TD

1 APPROX 24000 2 HIGH 1 2008/8/1 | 2008/11/1

1 HIGH 2 HIGH 1 2009/10/1 | 9999/12/31
1 MEDIUM 3 MEDIUM 1 2008/3/1 | 2008/7/1

1 MEDIUM 3 MEDIUM 1 2008/11/1 | 2009/1/1

1 HIGH 3 25000 1 2009/10/1 | 9999/12/31
2 MEDIUM 3 MEDIUM 1 2008/7/1 | 2008/8/1

2 HIGH 3 25000 1 2009/6/1 | 9999/12/31
1 MEDIUM 2 HIGH 0.71 2009/6/1 | 2009/10/1
1 MEDIUM 2 HIGH 0.61 2008/11/1 | 2009/6/1

1 MEDIUM 3 25000 0.6 2009/6/1 | 2009/10/1

1 APPROX 24000 2 MEDIUM 0.5 2008/7/1 | 2008/8/1

1 APPROX 24000 3 MEDIUM 0.5 2008/7/1 | 2008/11/1

5.7 BUINIMN 3 sequenced update Has delete Iaanl¥iaeyluWad

b d ¥ 4
avvivstausuIny Bmemswannas I 13aai

HUINNNS sequenced update 1102 delete 1aon1g@oulodad S wsuluinoriinus

5.7.1 SEQUENCED UPDATE

LY U ' @ o a =) L% d' - =) £ ]
YNAIBYNLYU “ﬂsunumowuamum'mn'lﬁ'wumauuau ™© ¥IUIAT 1 January 2008

93 1 June 2008 MWiduiRuAougs”

ke
U

VALIDTIME PERIOD [2008/1/1 —2008/6/1)

UPDATE
SET
WHERE

EMP_SALARY

SALARY = HIGH

SALARY FEQ $LOW THOLD 0.15

v i A Aa'd 1 o o M A:I' 3 g d'
Tuurag fact BIUIDINUY 9 ‘numuq’fauﬂunummmmzw1ms update ﬂig'ﬂﬂ 2.17

< a = o » a A < e X &
Uy nmmzuﬂ11umm'ﬁ'mnuannaw 4 mmawamnsmmnéﬁuam (Similarity Degree) 44
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VNFIINVBIANIANUATIWAR (Similarity Degree) 019 s ududounams update fariuve

MMSUANGBY fact MUTFNINIAIVBIANTANUATIOAD (Similarity Degree) HARIRINTIN 5.57

Vv v
fAavuneUaD 1T

M3 5.57 HAAIMANIANUARIOAD (Similarity Degree) 55H 19 LOW fusmarimmuniad

18 9 Tuuenn3iiaf SALARY o 92900114 9)

T2.F# | T2.L | T3.F# T3. T4.F1# | T4.F2# T4.SIMILARITY_DEGREE
ABEL LABEL VA FROM TODATE
LUE DATE
0 LOW |1 MEDIUM | 0 1 0.18 2008/1/1 | 2008/6/1
0 LOW |1 MEDIUM | 0 1 0.14 2008/6/1 | 2009/6/1
0 LOW |1 MEDIUM | 0 1 0.47 2009/6/1 | 9999/12/31
0 LOW |2 HIGH 0 b 0.0 2008/1/1 | 2008/6/1
0 LOW |2 HIGH 0 2 0.01 2008/6/1 | 9999/12/31

JuABuN 1 M1 fact TumsndrediuaaniuRouvsIMinUMUT AN 9

J A H o § 4 J o é » | &) ar 4 4
INAITIN 5.58 AANUABINFINIINAHUAE update 33 Tl l¥rndoriuludenly 1iown

' o A oA '@ £ 9o
ddoyalumsraiusideaiuudeouly szfoivimdenledwanimhi 1 #ahiduiiudos

UANUDY fact




M 31971558 M3 19AIBGRNUAAAUTUADUYDIMINNUMUTINIAN 9
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E# SALARY FROMDATE TODATE
1 MEDIUM 2008/1/1 2008/7/1
1 APPROX 24000 2008/7/1 2008/11/1
1 MEDIUM 2008/11/1 2009/10/1
1 HIGH 2009/10/1 9999/12/31
2 MEDIUM 2008/7/1 2008/8/1
2 HIGH 2008 /8/1 9999/12/31
3 LOW 2008/1/1 2008/3/1
3 MEDIUM 2008/3/1 2009/1/1
3 25000 2009/1/1 9999/12/31
I <o TS.FROMDATEZ’ZOOB/I/l’) prsEMP_SALARY
ATS5.TODATE<'2008/6/1!
T5.FROMDATE<'2008/1/1'
v( ATS.TODATE<'2008/6/1" )
AT5.TODATE>'2008/1/1
T5.FROMDATE>'2008/1/1'
V| AT5.TODATE>'2008/6/1'
ATS.FROMDATE<'2008/6/1'
V(TS..FROMDATE<'2008/1/1’)
AT5.TODATE>'2008/6/11
HAAINAAINTTIIN 5.59
-
AMINNS5.591
E# SALARY FROMDATE TODATE
1 MEDIUM 2008/1/1 2008/7/1
3 MEDIUM 2008/3/1 2009/1/1

FunoUN 2 UAN row A validtime YOIMANIANUARIWAR (Similarity Degree) (AN

HadN91nmMs 1N 5.59 1 Tl lumsededeinaasmiudeouveaninnumusisnada 9

[ P ¥ 5 a
AWNUNMUN 5.19 uaz avdoyaduauenn
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Note MnuRUAMGUR 519 wihmsuandes fact Arelesianaveadniany
A&6ARY (Similarity Degree) MDgARAUTIMANIAINARIGARY (Similarity Degree) MNNIMID
AU threshold TifluA  1azBnYaalairueMm threshold ARMUA M52 fact ez liign
update AADANA fact SuTuABINANGDY fact i hhdnsdives sequenced update 10N fact i
W udn58iUn4 sequenced update Y sium3e liFuAN threshold ARBAYA fact

uAdWITg  A8eTINa fact YUFINAY throshold ARBAN fact Feziiuudansdily
UHUNW sequenced update 1A1ag %50 1HIUA threshold 'ff«j fflo fact i threshold

a’: < ] &' ; "o U
AapANY fact N9z 11 update fact 1iutae insmriu lisuiludewnnden fact



E#=1
2008/1/1
|

E#=1, MEDIUM

2008/7/1
N

2008/1/1 2008/6/1

! ¥ v
2008/1/1 2008/6/1
=y

|
y MEDIUM -~

CABE 4:

2008/1/1
|

E#=1, MEDIUM

7
2008/10/1

L sim=0,18 - sm=0.14 ~

2008/7/1
N

2008/1/1 2008/6/1

! M A

2008/6/1
CASE 2:

E#=3
2008/3|fl E¥=

/
2008/10/1

I sim=0,18 o sm=0,14 -

2008/7/1

Nt

MEDIUM

2009/1/1
3, MEDIUM o

2008/1/1 2008/6/1

! M 7
2008/3/1 2008/6/1
CASE 3:

2008:‘3{1

MEDIUM

E#=3, MEDIUM

J
2008/10/1

| sim=0.18 = sm=0.14 N

2009/1/1
Y

2008/1/1 2008/6/1

I/
2008/10/1

2008/?/1

|— ~ sm=0.18 N =014 S
_____ A

< P
2009/1/1
Ih]

CASE9:

MEDIUM d

3UM 5.19 UHUAMUEAINMSUANGDY fact MUFIUINVDIANTANUARIBAAY (Similarity Degree)

v v 4 o A
V] Aok threshold Aifvualudou'ly

T \l H o &
Ao larua threshold Nvualudou'ly
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v J P ' @ ~
HAaNTUDY fact NUANYBULTAIAINIT N 5.60

d' “ L] -
AIINN 5.60 fact NYNUANYDYIIN fact 1A
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E# SALARY SALARY.VALIDTIME.FD SALARY.VALIDTIME.TD
1 MEDIUM 2008/1/1 2008/6/1
1 MEDIUM 2008/6/1 2008/7/1
3 MEDIUM 2008/3/1 2008/6/1
3 MEDIUM 2008/6/1 2009/1/1

c’: d' o :i v U d, n' 9 9 v d' "o -
VYUADUN 3 U1 fact mmﬂuwmmumum'hJ“lumsNmaunmmmmnumaumm

o 1] A _ Q’ A L] o’ o o 5
MINNUMBFINNIAN ) udIaY fact 1AUN W hilAddou nadnTuaaianIs1an 5.61

M3 5.61 UAAINITNAIDINTUAAIMRUADUVBINMIANUMIFIINAIAI ] NI INTUAY

fact NUANGBOLAZAY fact IALDDN

E# SALARY FROMDATE TODATE

1 MEDIUM 2008/1/1 2008/6/1

1 MEDIUM 2008/6/1 2008/7/1

1 APPROX 24000 2008/7/1 2008/11/1

1 MEDIUM 2008/11/1 2009/10/1

1 HIGH 2009/10/1 9999/12/31

2 MEDIUM 2008/7/1 2008/8/1

2 HIGH 2008 /8/1 9999/12/31

3 LOW 2008/1/1 2008/3/1

3 MEDIUM 2008/3/1 2008/6/1

3 MEDIUM 2008/6/1 2009/1/1

3 25000 2009/1/1 9999/12/31

Sunouii 4 fact TumsnApieinanamiudoureamin ML aee q

kY

wiouid1n3divs sequenced update Aagilii 2.17 uarmswadnimsidhnsdidagali 5.20




2008/1/1 2008/6/1
Case 4: [L b
MEDIUM, [V] -
2008/1/1 2008/6/1
L .
| 7
Result: entire row updated
2008/1/1 2008/3/1
Case 4: i t,‘
LOW, V]
2008/1/1 2008/6/1
B Y
| 7

Result: entire row updated

2008/3/1 2008/6/1
Case 4: } y,
MEDIUM, ]
2008/1/1 2008/6/1
L N
) A

Result: entire row updated

UM 5.20 uarnans19nsdi sequenced update

. 3 4
WAANTUAAIAINIIIN 5.62
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1 v Jd @
A13197 5.62 HAANTHAI91NMSI91N58 sequenced update
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E# SALARY FROMDATE TODATE

1 HIGH 2008/1/1 2008/6/1

1 MEDIUM 2008/6/1 2008/7/1

1 APPROX 24000 2008/7/1 2008/11/1
1 MEDIUM 2008/11/1 2009/10/1

1 HIGH 2009/10/1 9999/12/31
2 MEDIUM 2008/7/1 2008/8/1
2 HIGH 2008 /8/1 9999/12/31
3 HIGH 2008/1/1 2008/3/1

3 HIGH 2008/3/1 2008/6/1
3 MEDIUM 2008/6/1 2009/1/1
3 25000 2009/1/1 9999/12/31

Fumoui 5 smuaniimmiousuiioghaiu fio msiei 5.63

M3 5.63 namauaafimmileuiufisziins saudu

3 HIGH 2008/1/1 2008/3/1

3 HIGH 2008/3/1 2008/6/1

4 @ Y o o
'lﬂnaamqamummﬂm 5.64




A15197 5.64 WAGNTVDA Sequenced Update
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E# SALARY FROMDATE, TODATE
1 HIGH 2008/1/1 2008/6/1
1 MEDIUM 2008/6/1 2008/7/1
1 APPROX 24000 2008/7/1 2008/11/1
1 MEDIUM 2008/11/1 2009/10/1
1 HIGH 2009/10/1 9999/12/31
2 MEDIUM 2008/7/1 2008/8/1
2 HIGH 2008 /8/1 9999/12/31
3 HIGH 2008/1/1 2008/6/1
3 MEDIUM 2008/6/1 2009/1/1
3 25000 2009/1/1 9999/12/31
5.7.2 SEQUENCED DELETE
uNABEITY “n'u'l’fagmmﬂ'ﬁ'lﬁ'ﬁwﬁauﬁau‘lmhmm 1 April 2008 ©4 1 February
2009”

VALIDTIME PERIOD [2008/4/1 ,2009/2/1)
DELETE FROM EMP_SALARY
WHERE SALARY FEQ $HIGH THOLD 0.45

Fefovmsuan fact MUNAIVBIMANIANUARIOAAY (Similarity Degree) N30AN
HanFueu1Bn (membership function) IFUIALINUMS update

Fumouit 1 M fact TumsumseRtERIITAoUYBIMINIAIT AR 9
VNS 5.58 TiFouRufuTImRtMuANE delete Fahilsmimnduludouly 1dnads

15190 5.65



MINN 5.65 uaasdoyanmuneINUNAIMNIZIMST delete
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E# SALARY FROMDATE : TODATE

1 MEDIUM 2008/1/1 2008/7/1

1 APPROX 24000 2008/7/1 2008/11/1

1 MEDIUM 2008/11/1 2009/10/1

2 MEDIUM 2008/7/1 2008/8/1

2 HIGH 2008/8/1 9999/12/31

3 LOW 2008/1/1 2008/3/1

3 MEDIUM 2008/3/1 2009/1/1

3 25000 2009/1/1 9999/12/31

o3 H
L =

Tupeun 2 uandoyaniu validime YBIMANIANINAAIOARY (Similarity Degree) 63

< " ks 4 4 Lo .
uwuamglin 521 Tasimmizamdnnnludeuly weswinddeyalumsraiiusmiedu

A \J i 4 \ o é ‘o v
Tudeu'ly swwdendudoulvdsdnsiviiu 1 ¥ lusuludewnntey fact




E#=1
2008/11/1 E#=1, MEDIUM zogsnn
| /
2008/1/1 2008/6/1 2008/10/1
| sim=041  ~ sm=047 -
! B I M 7
2008/1/1 2008/6/1
L ~
CASE 4 MEDIUM,0.41 -
200811 gy mEpuy 2008/
o B
| N
2008/1/1 2008/6/1 2008/10/1
sum = 0.41 ~y sum=0.47 B,
g Be] ¢ B V] 7
2008/6/1  2008/7/1
CASE2: |‘—5’?
MEDIUIM,0.47
2008/|11/1 B, MEDIUM 2005)(10/1
| 7
2009/1/1 . 2009/6/1  9999/12/31
}__%"m"'-ﬁ sr=0.72.
% M
CASE10:
2008/|11/1 E#-1 MEDIUM znuszmn
| ”
2009/1/1 . 2000/6/1  9999/12/31
j e
M v
CASE 2:
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JUM 5.21 LHUMNUAAIMIUANGDY fact MUFINIAIVDIANI ANUAIBARA (Similarity Degree)

Y99 E# =1
V] Aosnus threshold At mualudou v

T \J d' o A
fio lir A threshold N vua luou'ly



WAANT YD fact NUANTBULAAIRIAISTIIN 5.66

A1319N 5.66 fact NYNUANGBININ fact 1AY
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E# SALARY FROMDATE TODATE
1 MEDIUM 2008/1/1 2008/6/1
1 MEDIUM 2008/6/1 2008/7/1
3 MEDIUM 2008/3/1 2008/6/1
3 MEDIUM 2008/6/1 2009/1/1

: d' o d' 1] A\ 2 Q‘ o A A \ -
YuABUN 3 11 fact  NuAngaamariinud 1 lums 1ed s aNnaaIm IR B U YD

o L \J = Q’ A v : L L 4
MINNUMBTINDIAN 9 UAIaY fact 1ANNY 1 TG o wadwTuaaIsImIs19T 5.67

MINN 5.67 LAAINTNAIBHAARIRIIUADLYDINTANIUMNTININIAIN ] WAL

fact NUANUBBUDZAY fact 1ANDON

E# SALARY FROMDATE TODATE

1 MEDIUM 2008/1/1 2008/6/1
MEDIUM 2008/6/1 2008/71
APPROX 24000 2008/7/1 2008/11/1
MEDIUM 2008/11/1 2009/10/1
HIGH 2009/10/1 2009/12/1

2 MEDIUM 2008/7/1 2008/8/1
HIGH 2008 /8/1 2009/12/1

3 LOW 2008/1/1 2008/3/1
MEDIUM 2008/3/1 2008/6/1
MEDIUM 2008/6/1 2009/1/1
25000 2009/1/1 2009/12/1

0’: $ o v { 1 a w ' v <
!!Hﬂﬂuq!!4 fact 1‘Nﬂ15'Nﬂ'JGU'NﬁllﬁﬂQﬂ'lN'ulﬁauﬁlﬂ\lwuﬂQ'luﬂ'ulY'NI'JﬂTﬂ'N L T

Wiounidnsdivna sequenced delete AagUi 2.18 nanswaanimadnsdisegii 5.22




E#=1
2008/6/1  2008/7/1

Case 4: H

2008/4/1 MEDIUM, V] 2009/2/1
|

~
I 7

Result: entire row deleted

2008/7/1  2008/11/1

Case 4: I—a

APPROX 24000, o500/011

2008/4/1
1 al
| LA
Result: entire row deleted
2008/11/1 2009/10/1
Case 3: { }
MEDIUM,[V]
2003"'4’1 20097211
| /
2009/2/1 2009/10/1
Result: '( }

711 5.22 uaraamsidinsdives sequenced delete ¥99 E# =1

WAANTUAAIAIAIN 5.68
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M131971 5.68 HAANT YDA Sequenced Delete
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E# SALARY FROMDATE TODATE
1 MEDIUM 2008/1/1 2008/6/1
1 MEDIUM 2009/2/1 2009/10/1
1 HIGH 2009/10/1 2009/12/1
2 MEDIUM 2008/7/1 2008/8/1
2 HIGH 2009/2/1 9999/12/1
3 LOW 2008/1/1 2008/3/1
3 MEDIUM 2008/3/1 2008/6/1
3 25000 2009/2/1 2009/12/1




UNN 6

a Y
ﬁ@ﬂwaminmmmamummz

6.1 aglwamsisy

°1uqm’;ﬁm‘f‘lﬁ'ﬁnauaumﬁmmg1u4’1'agmfﬁﬁ‘lmi AogndoyaiadiFamiil
mumneyesmiadihudioméie  lewmindeymiudesmsmssadinludnuuzveus
nm waziaFegdioiy wudoyatudeu Aounseiimswanunlasdifenananunlas
Tl wazewszdansdvesms hifinivewindudouiiunils & nmiivaiudeya fornld
ihurdszina (APPROX 20000 ludy) wSoAmarinuiled (HIGH, MEDIUM, Low i
A unild mdeyaiiannse & dmsunenn3iadiduRadionniiaddmsvanisei
Taun  fdaeu (crisp value) - ANJsEuR (approximate value) AzAMIMIAYE (fuzzy
linguistic term) ﬁ'ui"uTﬂsmh«’n’agmzﬁ'msm%’uﬁnms%’mﬁuﬁﬂﬁnmwﬁﬂ 1850
Wumsifusiiadoyauazsdoymlszroudu ozdiuiuenniimsmadndin fezdos
ifoya¥anariny uaziiisanmmniisdnihn diusmdeyaiuannsoiivats
AMMINEMUTRRMANANANTY  (MnfedieIdunfethadeai  Sahvoadwiuiinns
wanmnlasmumanan  #lgudsanianundionis (Similarity Degree)  fandu
1N (Membership Function) tta¥aienanlszina (Approximate Definition) 94f1 11 Meta
Table Hanvaziugmdoyaiindndae  Tumidseialdimue ludnvosmssoniuy
Meta-Knowledge Base dmsugmdoyafladidaunsiini Bée  suvaiilgdmsudsaly
mstszuanafdama q éq'lu41u’)§'uf‘lﬁ'ﬁnﬁuammﬁmﬁ'ué”ﬁms%ya'l’fﬁamm TFSQL
nloumidaan q il3sansiusieFnnaty WlFouaunsead g udoyadadiFanm
uazdamsivmdoyama q meludniiadiazginmdndousuTavazan Fadri
¥nmn sqL Tasmssszianugenndudewnnialumssamstuanuiuitad  uazany
cﬂut?smmﬁﬁv‘;’q‘lugmi’ayaﬂﬁni‘smmaaz’lu Meta Table 189 Fa9zdnedanmsiaenndes
M KUFU sequenced retrieve TUATMMENIGVEIMIFOURIRUVOIAITH fact UM
fowvessilad  Safumsiannamn TFSQL SuffudthedmsudlFougmdoyaiafis
nawe ) lueuna éﬁqﬁ?nmﬁwuﬁ’nﬁ'uf'rﬁnﬂumfuﬂsmmsmi‘luﬁmmm‘fugmﬁm%’u

o v & o a 4
NINAUIND 9 11]“9‘”‘#8“”1“3‘31]“
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6.2 VolauBNU

e ° » = x 2 v 'Y »
TuanGiei idinaueludmvesmsiSongdoya (Select)  Falinnuganndudouny
a d A o Y A o Vet o 9
wn - enfirudieRauiilunn SQL  wdssnseunqumansdim WHanududeuinn
A @ a a a a y-::; A <
JorawenuzusniiomsUSullyalss@ninmueadins AT ihennusaaiswesmsilszanana
& A ' 4 o A { o - £ A
vinviuny ludiuveadou lv Idaunsasessuiou lvidudewnuinniu 18 Tasnmsisou
AND/OR 1ilufiu
A = \ o A '
M5 update 1D delete FINANUGINFUFOUNTING select 11N uazAOUTIIRDIGUA
. . & " 1 4 o
w1 esnnidlumsudlvdeya Fdeanssimsnlaoumlasdoyn mslfideulviladiu
o ' 4 1 o~ 3 U’ 1] 1)
awazdsaianudlvetamn mszdeu lvilsdninavinivewss hilvdoonlosidud dvq
v " 4 = ' o’: -
manudhlahd hirmuteulvdsenlefisusssud lvdoyanseli uenmilonimiu iiidwm
= { =) ' : = o A
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Tlsunsuiimiamsianuiiu 3 dou Ao -
dad Y aa
1. msadngudeyaniinugvvesgudoyaiadizunm
[ v oA o U - - = J 9 oS a
2. msdanmsauneInumATFAN q Neziiedu lugwdoyafsdiFuim
3. msdamsdeyavessudoyaitadFurad

Taondhuaasuymanuaaadagili n-1

Please Select Menu :

Create Application with TFDB|

Fuzzy Declaration

Application Data

Exit

U o1 wamawinuynanveaTilsunsy

1. miﬁ%’ngmﬁagaﬁﬁvfumwmgmi’l’agaﬂﬁnﬁma1 AaniY  “Create
Application with TFDB”
1.1 a$19 FTYPE dwmsugudoyaiadiauoa Tuiiiao EMPLOYEE_TYPE
1.2 Aaniju Execute tAoMn51lszuanamida
1.3 $ideamsg Ifann sQL iknudugmdoyassa  adnii >>

3 -
Taetszuuada FTYPE @u5993%u COMPLETE!! uaasdagilil n-2



. Create Application with TFDB

CREATE FTYPE EMPLOYEE_TYPE (
E# NUMBER,

ENAME VARCHAR2(20),

BDATE DATE,

GENDER CHAR,

TELNO TEMP OF VARCHAR2(10),
ADDRESS TEMP OF VARCHAR2(50),
SALARY TEMPFUZZ,

MOTIVATION TEMPFUZZ,

D

®

SUPER# REF TEMP SUPERVISION EMPLOYEE_TYPE

>>

< il

I»

@ |[_om |

COMPLETEM

CREATE OR REPLACE TYPE EMPLOYEE_TYPE A5~/
E# NUMBER,

ENAME VARCHAR2(20),
BDATE DATE,

GENDER CHAR

D:

CREATE OR REPLACE TYPE EMPLOYEE_TYPE_S
E# REF EMPLOYEE_TYPE,

SALARY TFTYPE

);CREATE OR REPLACE TYPE EMPLOYEE_TYPE_§
E# REF EMPLOYEE_TYPE,

SALARY TFTYPE

D:

CREATE OR REPLACE TYPE EMPLOYEE_TYPE_M
E# REF EMPLOYEE_TYPE,

MOTIVATION TFTYPE

);CREATE OR REPLACE TYPE EMPLOYEE_TYPE_|
E# REF EMPLOYEE_TYPE,

MOTIVATION TFTYPE

CREATE OR REPLACE TYPE EMPLOYEE_TYPE_T}
E# REF EMPLOYEE_TYPE,
[TELNO VARCHAR2(10),

VALIDTIME PRO2 VALIDTIME -
< il I [»]

71 n2 ua@Insa$ 19 FTYPE EMPLOYEE TYPE

A 3 o ar v =1
1.4 @319 FTABLE eadnumindwmsy  FIYPE  ludednilfeadiaaisn

>
-

EMPLOYEE 910 FTYPE EMPLOYEE TABLE

a J A o "l
1.5 Aantju Execute iINBIIN3Yszulanamed

o o a a o
1.6 fdvanmsglfan SQL Mg udeyasia q adnl >>

2 g
Tavdhszuuada FTABLE du39ezdiu COMPLETE!! uaainagili n-3
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?ﬂ Create Application with TFDB

CREATE FTABLE EMPLOYEE OF EMPLOYEE_TYPE; @ CREATE TABLE EMPLOYEE OF EMPLOYEE_TYPE
CREATE TABLE EMP_SALARY OF EMPLOYEE_TYPE_|
CREATE TABLE EMP_MOTIVATION OF EMPLOYEE_TY
@ 55! | [CREATE TABLE EMP_TELNO OF EMPLOYEE_TYPE_]
CREATE TABLE EMP_ADDRESS OF EMPLOYEE_TYP
CREATE TABLE EMP_SUPERVISION OF EMP_SUPER

)z | ]

COMPLETE™

o i ] D

1 n-3 usrasmserd s FTABLE EMPLOYEE 910 FTYPE EMPLOYEE TYPE

L \J \J " 4
2. MsvansAMadaIe ) Aaniiay “Fuzzy Declaration”
“a & i 1 \J \

Tuszvugndeyadadidonm  HdeyanndeyarunsaldmndiumflaFunusm
@ & 4 M ' < J o
Faay (crisp) 14 Faluszuuiennsaladdiummaninyad wieanlsznald Mlddeadl

o ~ e J ~ J : A o & : M A

msfmuatiowlddumilasdimaniu Gmdmmaenaasegluuni 3

Y ' o o 3 4 = 4 =¥} Y o o o

dpdumsimuatinuvewmaimyIisd Fanfoms Idmlanduauisn

(membership function) HAARIFUN N-4
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2. Fuzzy Dectaration

o &
Command Now:Day[1 |Month[1 |vear 2008 | saL y
[MEMBERSHIPOF SALARY LOW 0 trapezoidal 10000,1
3000,15000,18000;
>>
i Execute H Clear J
Result
LABEL | TYPE | ALPHA | BETA | GAMMA | DELTA | FD [ D

31/ -4 urAINT A9 “Fuzzy Declaration” uazfindanisfmuamilsisumnin

(membership function) THAumMWIMEHaE ‘LOW’

4' 9 o @ [ v d = aa o v
e l¥mdsdmsSuuaasmmatimuinsFvouonniiig 1¥u

@ P £ A a
SHOW MEMBERSHIPOF SALARY; 92uaanasizilii n-s uilondnii row 1a 9 uda
78N Show zUAAINTIANINFUTINTNVDIA 1M row iU
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r f

]

Fxecite } il Cleas l
Result
LABEL ! TYPE ALPHA | BETA GAMMA DELTA FD | D
LOW iTRAPEZOID... {10000 - 113000 115000 18000 12008-01-01 ... [9999-12-31 ...
HIGH ;TRAPEZOID .. {18000 {21000 25000 127000 12008-01-01 ... [99998-12-31
MEDIUM TRAPEZOID . {15000 J1 8000 20000 123000 12008-01-01 . 19999-12-31 ..
[

10,000 . 12,500, 15,000 . 17,500

PP iR
l Lowl | Close |

Ui -5 uaaawams ldfdauansmiionueadmein 1w IASF (membership function) 1Az

uaans AN FUTIED

A o ' o o 7 ) o < aa ¢ & 4 a
dedmuamianfumndnman q dwmduladuennsidnii q duiiSouieouds
Btdaludnamanianuadwniszningamainmniladla  dedesy
CALCULATE SIM SALARY;

o o v A = v o s =1 =) =
szuvwihimsdnnamansauediendsssningamainunilsdufladuenns-
1174 SALARY Tasfhdesmsgmidsda
SHOW SIM SALARY;

v Jdao d'
u’dmnaammgﬂ‘n -6
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‘M: Fuzzy Declaration -l
Command Now : Day[‘l—Momh|1 Year l2008 soL X
SHOW SIM SALARY, SELECT O1.LABEL,02.LABEL,03. DEGREE.VALUE, |
03.DEGREE.VALIDTIME.FROMDATE,03.DEGREE.
VALIDTIME. TODATE

>> rom test1 _fuzzterm_table O1 test1_fuzzterm_table
ﬂ)z,tesn _similarity_table 03 test1_attribute_table Of
4
WHERE 03.11# = ref(01)
AND 03.12#=ref(02)

AND O1.att# = ref(04)

IAND 02.att# = ref(0O4)

IAND 04 .attname = 'SALARY"

v

rExecule J[ Clear I
Result
LABEL LABEL DEGREE.VALUE |DEGREE.VALIDTIME....|DEGREE.VALIDTIME....
LOW MEDIUM 1.764705882352941 ... |2008-01-01 00:00:00.0 {9999-12-31 00:00:00.0
MEDIUM HIGH 4.102564102564102... |2008-01-01 00:00:00.0 {9999-12-31 00:00:00.0

31 n-6 uamams Mdidanaasmaninnundiunaa (similarity degree)

3. msdamsdeyaludimvesyudoyailadFinmdedidsznoy lldems
SELECT, INSERT, UPDATE 8¢ DELETE lat1931uu199907%1 TFSQL

@ \ L] v 2 @ A

fI0thayums INSERT ¥93aupd EMPLOYEE Iag INSERT misWawminnu %o

g " a e J
wiina uazaudwdeu 1dasgin n-7

. Application Data 7/ i :
Command Now: Dayh Momﬂ1 |Yeat 2008 SOL
INSERT INTO EMPLOYEE [
(E# ENAME SALARY) NSERT INTO EMP_SALARY
VALUES(1,John' $HIGH) ISELECT REF(T1), TFTYPE(0,'SHIGH',PRO2_VALIDTIM

Sj [E(TO_DATE('2008/1/1",YYYY/MM/DD"), TO_DATE('99994
12/31",YYYYMM/DDY))

FROM EMPLOYEE T1

WHERE SUBSTR($HIGH',0,1) <> '§'
AND SUBSTR($HIGH',0,6) <> 'APPROX'
AND T1.E#=1

{ Execute :r Clear J!

Result
714 n-7 uamams INSERT doyansgmdoyafladidiimainn
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& =1 a4
Tums UPDATE uag DELETE viuaunsoagguuumun 18luuni 3 Tasiideulvves
¥ ¥ v >
M3 UPDATE uae DELETE luszuuiiszamnselaou luiuteu lundamumniu
dmsums SELECT wziluldmununfavesfaSuazsanar  Aeaunsalaitouly

- ~ = &
He31d uazamsoiongdoyamuiuIfia Current 102 Sequenced 1AFIZUNVUMYININGD
Anun 1@ luuni 3

#79819984 Current Retrieve HAAIAZ1IN N-8

. Application Data 5
Command Now: Day[ Month{ vear | sQL
I’srelect e#,ename,salary SELECT T5.E#.T5.ENAME,CAST(T6.SALARY.VALU |~ |
om employee E AS VARCHAR2(20)),1 AS DEGREE foesd
where salary feq $high thold 0.5; FROM PRO2_ATTRIBUTE_TABLE T1,PRO2_FUZZ

;} ITERM_TABLE T2,PRO2_FUZZPROP_TABLE T3,ap
o p2_EMPLOYEE_table T5,app2_EMP_SALARY_tabl
e T6

WHERE REF(T5) = T6.E#

AND T6.SALARY.TYPE =0

AND T6.SALARY.VALIDTIME. TODATE = TO_DATE('
19999/12131", yyyyimmidd)

AND T1.ATTNAME = 'SALARY"

AND REF(T1)= T2 ATT#

[eece ][ Heod]

Result

£# ENAME CAST(T6.SALARY.VALUEAS... DEGREE
1 Peter HIGH 1

2 John HIGH 1

3 Smith 25000 1

4 [Mary APPROX 22000 6

5 |PANG APPROX 24000 1

H “ 4 A o l
1 n-8 naRan5Aa3 Current Select Tasfiou lumsnfSoudiousummainiu e

[~ " o 5 O’I v 1 [ 4
U NMesuNuaaseenyniusziiulaus)  threshold N muandmsuouly
Aa% Aedpannimsomfiusm threshold 39siufnouvens 14

4 4 4 5 o v P z
feondnaduiuiteu lvdsdnnSsumosususmninmiad Filussuuiiuamise

L4
WSsuiion ldnamdainu (crisp) Aszana uazmmaimulad

#7961931N N-9 UAAI Current Retrieve NSoumouiumlszunu
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. Application Data
Command Now:Day  |Momth| |vear| |

saL

select e#,ename,salary SELECT T5.E#,T5.ENAME, CAST(T6.SALARY.VALU |4 |
om employee E AS VARCHAR2(20)), 1 AS DEGREE 1=
where salary feq APPROX 22000 thold 0.5; FROM app2_EMPLOYEE_table T5, app2_EMP_SAL
>> | ARY_table T6
i WHERE T6.SALARY VALIDTIME TODATE = TO_DAT]
E("9999/1 2/31", yyyyfmmidd’)
AND T6.SALARY.TYPE=0
AND T6.SALARY.VALUE = 22000
AND T6.E# = REF(T5)
UNION
SELECT T5.E#,T5.ENAME,CAST(T6.SALARY VALU
E AS VARCHAR2(20)), (22000+T1 APPROX_DEF-T | ]
Execute I [ Clear l
Resuit
E# ENAME CAST(T6.SALARY.VALUEAS... DEGREE
1 Peter HIGH .6
2 John HIGH 6
4 Mary APPROX 22000 1
4' = d' -~ 4' ~ s v
14 n-9 uaAIMSAI3 Current Select Taotitou lamsnfSoumouduanl sz
#70819983 Sequenced Retrieve uﬁmm;ﬂn n-10
. Application Data

Command Now:Day _ |Month| |Year [ |

SaL

lidtime select e#,ename,salary ELECT T5.E# T5 ENAME, T2 L ABEL AS SALARY,T |~/
om employee .SALARY VALIDTIME. FROMDATE AS SALARY_FD, | =]
where salary feq $high thold 0.5; .SALARY VALIDTIME. TODATE AS SALARY_TD,1
Ea DEGREE,T6.SALARY.VALIDTIME.FROMDATE A
— | [SFD,T6.SALARY VALIDTIME.TODATE AS TD
IFROM PRO2_ATTRIBUTE_TABLE T1,PRO2_FUZZ
ITERM_TABLE T2,app2_EMPLOYEE_table T5,app2
| EMP_SALARY_TABLE T6
WHERE REF(T5) = T6.E#
AND T6.SALARY VALUE = T2.F#
AND T6.SALARY.TYPE = 2
AND T1 ATTNAME = 'SALARY" =
l Execllej[ Clear I
Resuilt
E# ENAME SALARY SALARY FD | SALARY TD | DEGREE FD D
1 Peter IAPPROX 24... [2008-07-01 ... |[2008-11-01 ... [1 2008-07-01 ... |2008-11-01 ...
1 Peter HIGH 2008-10-01 ... [9999-12-31 ... |1 2009-10-01 ... |9999-12-31 ...
1 Peter MEDIUM 2008-11-01 ... |2009-10-01 ... |.61 2008-11-01 ... |2008-06-01 ...
1 Peter MEDIUM 2008-11-01 ... [2008-10-01 ... [.71 2008-06-01 ... [2008-10-01 ...
2 John HIGH 2008-08-01 ... [9998-12-31 ... [1 2008-08-01 ... [9999-12-31 ...
3 Smith 25000 2009-01-01 ... [9999-12-31 ... [1 2009-01-01 ... [2009-06-01 ...
3 Smith 25000 2009-01-01 ...|9999-12-31 ... |1 2009-06-01 ... [9998-12-31 ...
4 Mary IAPPROX 22... |2008-01-01 ... [9899-12-31 ... |6 2009-06-01 ... |9999-12-31 ...
4 Mary IAPPROX 22... [2008-01-01 ... |9998-12-31 ... |.75 2009-01-01 ... [2009-06-01 ...
5 PANG IAPPROX 24... [2009-06-01 ... [9999-12-31 ... |1 2009-06-01 ... |9999-12-31 ...
5 PANG |MEDIUM 2009-01-01 ... |2009-06-01 ... |.61 2009-01-01 ... [2008-06-01 ...

: oo
3UM 710 uarAINITAIT Sequenced Select

o o a a °o_ o : = aa A A @
NOANTYDINITVZUAAIINIMAUNINFFUBNNT VIAUALAIANIYDIHAANT
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ABSTRACT

Nowadays the application of temporal databases n
modern information systems becomes more and more
popular. Time-varying information with valid time,
transaction time or both are required by typical
applications such as human resource management,
medical information systems, agriculture and farm
management. Also, the object-oriented paradigm is now
the standard paradigm for software development. Object
databases are widely available commercially. However,
the concept of temporal database is still not included as a
standard feature and the users have to implement them at
the application level. This paper presents temporal object
database implementation techniques. The techniques can
accommodate attribute timestamping both at the object
class and the association between object classes. A
software tool based on the proposed techniques is
developed.

KEY WORDS
Temporal Datab
Software Tool

Object Database, Temporal Objects,

1. Introduction

Database technology plays important roles as an
underlying that supports information systems.
Various data models have been developed. However, the
simplicity of the relational dats model and its high
productivity languages such as SQL makes it the most
popular one nowadays.

The relati model is suitable for some types
of application but for some other applications that require
oompla(dam}mﬂlmg.d:eoqewamaddaamodels

provedtobemoremble Object-oriented system
amlymanddest@ such as the UML [1],
the object-relational database model and the object
database model gain more and more popularity and are
believed to replace the relational database model in the
near future.

8§ Lo n8

It is now well accepted in the database community that
there need to be a special treatment for time-varying data
using the so-called | datab A temporal

P

605-802

129

database is a database that supports some aspects of time,
not counting user-defined time (an uninterpreted attribute
domain of date and time) [2]. There are three major
jes based on the relational model, namely, the
valid time state table, transaction time state table and
bitemporal tables. The most widely used one is the valid
time state table. It keeps facts which are not only currently
true, but also true in the past and in the future as well.

As far as we know, temporal data management is
fundamentally done with two temporal aspects of data,
valid time and transaction time [2], by either the tuple-
timestamping or attribute-timestamping scheme. The first
one regards the timestamp as a special attribute(s) of a
temporal relation scheme and hence is part of every tuple
while as part of attributes and not of the whole tuple for
the second [3]. The choice of a timestamping scheme
depends on the data model from which temporal
structures will be defined. Each scheme suffers from
several certain problems up to its own nature. The tuple
timestamping is simpler to the first normal form
relations of the relational data model [4] while attribute
timestamping is more complex, but morc expressive,
more natural and closer to user thought process with less
data redundancy as all time-varying data of an attribute of
interest are modeled together in 2 tuple (object).
Furthermore, the first scheme produces temporal data
anomalies, namely vertical and horizontal [S] due to the
spreading of data of a single real world entity.
Overcoming such anomalies, the second scheme shifts the
timestamping onto a finer attribute level This leads to so-
called temporal attributes and violating the first normal
form (1NF) relations. It is one of the reasons for the use of
the nested relational, object and object relational (OR)
data models to deal with temporal data using the second
scheme.

In this research work, we propose an atiribute
timestamping imp tation approach for the object
database model. We first briefly present the concept of
temporal database and then the implementation approach
is presented.




2. Temporal Databases

In conventional dutabases, facts which ure known to be
true or valid at present are kept in the database. lhese
facts will be replaced by new facts after update activities
hence the okd facts arc Jost. Tn some applications, old facts
are still required as well as the new ones. For examples in
human resource management, all facts including the past
ones about an employee should be known. In a health care
system, a question such as ~List all paticnts who uscd to
share a hospilal room with John” is a very useful and
common query. Using only a normal relational databasc
with an inher join, one would obtain a list of patient
numes that are staying or used 1o stay i the rooms that
John is staying or used to stay but with different period of
time or the same period of time. This is called a
“nonsequence” query.

What if only the patients that are staying in the same room
as John docs now arc required? This type of querics is
called the “current™ query. Finally, in the case that only
those patients who arc or were in the same room at the
same period of lime as John now or in the past. How
should we do? This last type of query is called the
“sequence” query. Valid time is then introduced to show
the validity of cach fact.

The introduction of the validtime with “to datc™ and
“from date” to relational databases sounds very smpleho
most people inchding carly pi

3. Basic Temporal Object Database
Operations

As mentioned in the previous section, temporal database
operations are classified into 3 calegories namely current,

and cach of which compriscs
uuut.dclelemdupdaleopemmm Since the object
databasc mode] preserves the encapsulation property und
only allows methods to be called by the applications,
th for cach temporal data item, there needs to be at
least nine basic methods for temporal operations.

Afler more investigations into object dalabase class
diagrams, we found that there arc three different kinds of
temporal data items based on the role they play in the
class diagram. The fint one is the lemporal attribute (or
property) of an object class. The second onc is the
temporal property of a rclationship class b objeet
classes and the third one is the temporal attribute of the
association. Bascd on this catcgorization, there arc now at
lease twenty seven basic methods for lemporal operations.
Morc methods such as the temporal join operation can be
added to an item if requircd.

=

In this ction, we deseribe these poral d

Our pr tation is based on the class diagram
as shown in hgm 2. A class which is used for validtine
is explicitly declared and this class will be refermed to by
all temporal properties that exist in the class diagram.

However, after some SQL programming attempls, it is
now accepted that database operations on fcnporal
dolabases are not straight forward. The ~sequence”
\'usbnoflhchwn.wdaleanldduasm&mmww
licated. Even a * " one as shown is not casy.
l'lgml.ldumat!uplmfmlh,cmwmm[’]
A logical update at the time point “now” has to be
trunslated into three possible cascs. The first casc is the
case when the “to date” of the fact is before “now™ thus
requires no action. The sccond casc is @ Jogical updsic
that requires a physical update of the “to date” to be
“now” and the insertion of a new value with the “from
datc” cquals to “now”™ and “to datc™ is cqual to the old “to
date”. The third case is lhe update of (he value lo be the
one in the future.
Case b2

Reswlt:
Case 2
Rewlk: IIPDATE. Tudate
And INSER | new value ‘

Case 3:
Resvlc UPDATE new value :
e

Figure 1 Current UPDATE Case [2]

Inst of this class arc validtime that arc relcmred 1o by

3.1 Operations on Temporal Attributes

This is the case where an attribule of an object class is a
temporal attribute. Based on the class diagram of Figure
2, the object class Employee has two temporal altributes
wage and telNo both of which have validtime array data
type. Figure 3 shows instances of Pmployee with wage
and tc)No valucs. Validtime instances arc referred to by
object identifiers.

e Inscrt Insertion of temporal attribute values can be
donc only when an object instance already cxists.  An
instance of the main object class needs to be inserted first
together with other non-temporal attributes. The temporal
attribute is defined as an array of (main_object_classiD,
temporal_attribute_vahie, validtime_objectiD). From the
example in Figure 3, the main vbject class is the class
EMPLOYTE. To insert the wage of an employce,the
instance of an employee must be available first. Then
validtime instance with the Fromdate = now and Todatc =
12/31/9999 (infinity) is created.

‘The wage instance that comprises the emplovee object
identifier, the wage value and the validime object
identificr can then be inserted. Corresponding OQI. codes
for this current inscrt operation are shown below:
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Employes
Department Indep> /. < 11BN, : Swing
DiNe : Swimg ENaame : Sting AssemnblyLine
DName : String. Wage : ValidTime sray of float 1 LNe : String
1

Valid_Time : ValidTime

Comsrols> / confoledBy<

[t orkate> / morker< m WockaeSot
Valid_Time : ValidTime
controledBy> / Controls<
l m
Sontvelenmiost Projost ;] m WorksProject ValidTime
i ol ke ettg Valid Time : ValidTisme Fromdsts : Date
Piiggestiteg, | bows : VilidTimm sray of low Todate : Date
| Location : Suinn
workedBy>/ worksOn<

Figure 2 A Company Class Diagram with Tem poral Properties

Promdate: 01/01/2003

‘ValidTime OID=1
Emol -1 » Todsts:
Promdats: 01012002 i =
Todste: 01012003 Eso: “00001"
EName: “Joba™ Fron S
Todsta: 127319999
Wags: | 15000 ®] 200000 ®] 25000.0
Vali telNo: | m2008%90 @} 02212273
Promdate: 0106/2003
Promdate: 01012002 Todsts: 12719999
Tadn MARRAIM
Figure 3 Temporal Attributes

ClassMethod insertWage (IDE As %String, wage As
%Float) [ SqlProc ] {
&sql( INSERT INTO
Company Employee_wage(Employee element
_key,wage)
VALUES (Company.Employee_selectOIDEm(:IDE),
Company. ValidTime_insertValidTime(),-wage) ) }

Company.Employee_selectOIDEm(:IDE) is the method
that select the OID of Employee by using ENo .

ClassMethod selectOIDEm (ID As %String) As %String
[ SqlProc] {
&sql( SELECT %ID INTO :0ID
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FROM Company.Employee

WHERE ENo=1D )

QUITOID }
Company. ValidTime_insertValidTime() is the method
that inserts the Validtime and retums the OID of the
newly created Validtime.
ClassMethod insertValidTime() As %String [ SqlProc ]

INSERT INTO ValidTime (Fromdate, Todate)
VALUES (CURRENT_DATE,'9999-12-31) )
QUIT %ROWID }



o Delete The delete operation in temporal database is
not simply to remove facts from the database but to
terminate the validity of the facts. For simplicity, we
assume that all currently true facts have the Todate =
9999-12-31 which is infinity. In a more general scenario,
there could be facts which are planned to be true in the
future and the current deletion could also lead to the
removal of other future facts which are related to the
deleted fact. The following program extract shows how to
mark the Todate of the current wage invalid.

ClassMethod deleteWage (IDE As %String) [ SqlProc)
{ &an(UPDATE Company. ValidTime
Todate = CURRENT_DATE
WHERE %ID IN (SELECT C2.%ID
FROM Company.Employee wage AsCl,

WA

Company. ValidTime AsC2
WHERE ClEml ee =
ee selectOIDEm( IDE)
% =Cl.clement |
AND C2Todate ='9999-12-31") )

« Update Temporal update operation is a complex
operation. As previously shown in Figure 1, a current
update could involve the termination of an existing fact
(to mark the fact invalid now) and the insertion of the new
value whose validity begins now and end at the current
todate. Future facts about the temporal attribute may have
to be replaced by the new value. The sequence version of
the temporal update is so complicated that the steps
involved and the comesponding codes have to be
presented separately in the Appendix.

Emnl

Figure 4 Temporal Relati

3.2 Temporal Operations on Relationship Classes

Classes that represent relationships between other classes
could also be temporal and have validtime attached to its
instances. These instances requires temporal insert, update
and delete operations as well. Figure 4 shows relationship
nstances with their valid time.

The HistoryDepartment class actually represents the
many-to-many relationship between Department and
Employee. It can be implemented using only reference
ponm that pont to instances of Employee and

with a p that points to Validtime.
Tunpomlmeﬂ,deletemdupauopammmlyded
with pointer manipulations.
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and Department

| |

3.3 Temporal Operations on Properties of Relationship
Classes

There are some relationship classes that have properties.
In the case that these properties or attributes are temporal,
temporal database operations also need to be defined.
Figure 5 shows this kind of temporal property. The
WorkProject object class is a class that represents
relationships between Employee and Project. There is a
property hours which is temporal. An employee may
spend more hours in a project than what he did last year.
This type of temporal property requires its own pattemn of
temporal insert, delete, update operations.

4. A Temporal Object Workbench

In practice, the implementation of a temporal database
application involves many temporal data items that are in
one of the previously mentioned temporal categories. For
each data item, separate methods need to be defined for
each of them. This method declaration becomes a tedious
job for programmers involved.
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Figure S Temporsal Properties in Relationship Classes
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A temporal object database workbench that exploits the
idea from the categorization of temporal objects is
developed to help g te basic temporal operations for
each temporal data item based on its own category.

The tool allows users to input object classes, relationships
and properties. It then automatically generates SQL

[ew-] (Remere)

Clee /Ao Rost 10 £ W Ll Add

statements for current or sequence operations. The user can
choose the temporal operations which are to be generated
(insert, delete, update, select). A selected screen of the tool
is shown in Figure 6.

Tye

Pass Pasametes [0 010, Dale NFD. Date HTD, Stmg NewV/shee

Uneversiy!
»ozxv.m..; 5 Ao Tespas Fiperty CY. N
L o ot PupetyNome. | Addes | || ] Tempod
+—Class Student | Ak Strung i
e ; ! |2

Opesation

O Curent @ Sequence O et @ wpdste O delete O seloct [E]

INSERT INTO  Student_Addvess (Student, element_key, Address)
SELECT C1 2D, Urevessty! VadTime_insert/ahd] ime{C2 Fromdate. NFD) C3 Address
FROM Ureversdy! Student As C1.
Uravessty! VabdTime As C2.
1 Student_Address As C3
|WHERE C1.20 = 0ID
AND €1.210 = C3 Student
AND C2200 = C3 element_key
AND C2Fromdate <
AND C2Todste > NFD
INSERT INTO  Shudent key.
SELECT €1.7%30. Ureversiy] VaidTime_nsedV abdiame{ NTD. C2 Todate), C3Address
FROM Uraversty Student As
Urwversity) VabdTme As C2.
University! Student_Addvess As C3
SOL Code

frmare) (=)

Figure 6 A Screen from The Temporal Object Workbench
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5. Conclusion

Temporal object database operations are classified. It is
found that the temporal database operations are long and
tedious. Insert, delete, update and select operations are
enhanced by the concepts of current and sequence
operations. These operations work at the attribute level. A
prototype software tool that helps reduce the temporal
object datsbase operation implementation burden from
programmers is developed. It is based on the operation
classification mentioned in the early part of this paper.
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Appendix : The sequence update program on
temporal attributes

ClassMethod S dUpdateWage (IDE As %String, NFD
A-%mu,mm%mmww-pm%nw) [ SqlProc] (
&sql(  INSERT INTO Employee_wage

ement_key,wage )
SELECT C1.%ID,
Company. ValidTime_insertValidTime

Company. ValidTime_insertValidTime
(:NTD,C2.Todate),C3.wage

ValidTime As C2

AND Cl.element ksy-CZ %ID
AND  C2Fromdate <:NTD
AND  C2.Todate > :NFD))
UPDATE Canpny ValidTime
SET Fromdate =
WHERE %ID IN ( SELEC.T C2.%ID
FROM  Employee_wage As Cl,
ValidTime As C2
‘WHERE C1.Employee =
. Employee_selectOIDEm(:IDE)
AND Cl.element key =C2.%ID
AND C2.Fromdate < :NFD
AND C2.Todate > :NFD) )
UPDATE Company.ValidTime
SET Todate = :NTD
WHERE %ID IN (
SELECT C2.%ID
FROM Employee_wage As Cl,
ValidTime As C2
WHERE Cl.Employee=
Company.Employee_selectOIDEm(:IDE)
AND  Cl.element key =C2.%ID
AND  C2.Fromdate <:NTD
AND  C2.Todate > :NTD)) }
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Toward Fuzzy Temporal Databases with Temporal Fuzzy Linguistic Terms
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Abstract

Fuzzy databases have been proposed by many
researchers for handling fuzziness in databases. Fuzzy
linguistic terms are used instead of crisp values. They
find applications in areas where exact or crisp values
cannot always be obtained In another database
research area, temporal databases find applications
where facts which are true in the past, as well as facts
that will be true in the future are recorded together
with current facts. There are also cases where fuzzy
databases are also temporal. In most other works,
fuzzy facts are temporal or the time itself is fuzzy. This
paper presents the concept of a different fuzzy
database where fuzzy linguistic terms are temporal
Sample queries and meta tables for temporal
similarity  degrees and temporal  possibility
distribution are also presented.

Key Words: fuzzy database, temporal database,
temporal fuzzy terms

1. Introduction

At present, most applications refer to precise
information especially in science and engineering
Database systems which have been developed during
the past many years arc mostly catered for the required
precise information. However, in practice, there are
times when the precise information cannot be
obtained. The handling of missing information is a big
issue and also an interesting research topic on its own.
In some cases, the data are not completely missing but
the values are imprecise and fuzzy linguistic terms are
therefore introduced. A special kind of database is
required if we would like to keep such imprecise
(although acceptable) information such as “John is a
tall young man whose intelligence is about average.”,
“David’s temperature is a bit high.”, or “Heavy trucks
are driven slowly.”

978-1-4244-4457-1/09/$25.00 ©2009 IEEE

Suphamit Chittayasothorn
Department of Computer Engineering,
Faculty of Engineering,

King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand
suphamit@kmitl.ac.th

The fuzzy linguistic terms “tall”, “high”, “heavy”,
“slow” are used naturally in daily life. There values
are not precise or crisp. Fuzzy databases such as those
proposed by [1}{2],[31[4}[5] are introduced to handle
them. Queries can be made on the fuzzy databases that
contain both crisp values and fuzzy terms.

From a different area, time is also another issue
that requires a special kind of database. The
introduction of valid time, the time that a fact is valid
and the transaction time, the time that a fact is
recorded to a relational database creates processing
difficulties as well as data redundancy [6]). Despite
these problems, such database systems can provide
answers to temporal queries on past, present and future
recorded facts. These temporal facts are essentials to
many mission critical applications.

What if a query refers to both time and fuzzy
terms? It is possible to have queries in real-world
applications such as “List all employees who have
high salary at present.” or “List employees who eamed
low salary during 2005 and 2008.” An interesting
point regarding such fuzzy temporal queries is that the
fuzzy linguistic terms themselves may refer to
different vahies over different periods of time. In 2005
the salary of $30K could be considered as “low” when
the same amount may be considered as “medium” in
2008. This paper presents the handling of a temporal
fuzzy database whose fuzzy linguistic terms are also
temporal.

2. Related Works

The most straight forward form of temporal fuzzy
database is a valid time fuzzy database where a fuzzy
database table has the valid time from date and to date
attached to each tuple. An example is shown in Table
1. The attribute SALARY is a fuzzy attribute. Its
values can be cither a crisp or fuzzy term. For
example, an employee N. Brooks had a salary of
“middle” from Jan 1, 1997 until Dec 31, 1999. His
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salary increased to $65K on Jamuary 1, 2000 and
remains unchanged until now (or infinity).

Table 1. A sample fuzzy temporal database with

valid times.
NAME | SALARY | FROMDATE | TODATE
N Brooks | Middle | 1-1-1997 1-1-2000
TJones | $50K 1-3-1997 1-1-1999
TNeil $35K 1-6-1997 1-1-1998
T Neil $35K 1-1-1998 31-12-9999
TJones | high 1-1-1999 31-12-9999
N Brooks | $65K 1-1-2000 31-12-9999

This kind of fuzzy temporal database assumes that
the valid time is precisely known. In the case that the
valid time is not known precisely, a special kind of
fuzzy temporal database with fuzzy valid time
[71,[81.[9] needs to be employed.

There are applications that time cannot be known
precisely. An example is crime information systems.
The time that crimes take place normally cannot be
specified precisely. Fuzzy terms such as “early
morning” and “late aftenoon” are often used.
Moreover, in reality, recorded time that looks like a
precise time is not really precise. For example, a
recorded fact that states that David started working at
8.00am this moming does not always mean that he
started working precisely at 8.00am. It could actually

be 7.55 or 8.05. A query processing system should be
able to accommodate such flexibilities.

Table 2. A fuzzy time temporal database example.

A, | Name | Temp | 4, | A, | A ]| A
1 | John 35.0 0 6 15]|8
T| Jim | Hggh | 45 |~50] 5] 7
1 | Max |Medium | 47 | 51 | 5| S
T | Nick | High |~50|~50] 1| 1
2 | Jon 390 ~251-~30| 6] 6

Attribute A, is the reincamnation attribute, 4, is
the starting time attribute, A, is the ending time
attribute, 4; is the lower bound attribute, and A, is the
upper bound attribute.

Table 2 shows a FuzzTime [7] temporal database
table. If day O is assumed to be May 1, 2009, then ~6
is around May 7. The first tuple shows that John's
temperature is 35 during the time between May 1,
2009 and around May 7, 2009, and the number of days
that he had the temperature is between 5 and 8 days
inclusive. His temperature is also recorded later in the
last tuple.

3. Temporal Fuzzy Terms

As mentioned earlier, fuzzy terms can be
temporal. For example, the fuzzy term “High” may
have different meaning during different periods of
time. This concept was first mentioned in [10].The
work also proposes that fuzzy information which has
different meaning over different periods of time be
kept in separate tables. In this paper, we use the
conventional valid time state table format to represent
a temporal fuzzy database with temporal fuzzy terms.
We pay attention to the case where the membership
functions and similarity degree which are associated
with the fuzzy terms are also temporal. Queries on the
temporal fuzzy table are also demonstrated.

The temporal fuzzy table in Table 3 shows
employees with different salaries during different
periods of time. The SALARY attribute can have both
crisp and fuzzy values. The TODATE value of
9999/12/31 denotes infinity. Tuples whose TODATE
is equal to infinity are the tuples which are true now.
Note that it is possible that during the time that a tuple
is valid, the membership function and similarity
degree may no longer be valid.

Table 3. A sample temporal fuzzy database table
EMP_SALARY with temporal fuzzy terms.

E# | SALARY | FROMDATE | TODATE
1__| MEDIUM | 2008/1/1 200877/1
1_| 24000 2008/7/1 2008/1171
MEDIUM | 2008/11/1 2009/10/1
HIGH | 2009/10/1 9999/12/31
2 |HIGH | 2008/7/] 2008/8/1
2| MEDIUM | 2008/8/1 9999712731
3 [LOW 2008/171 200873/1
3| MEDIUM | 200853/ 20097171
3| 29000 | 2009/1/1 9999712731

Current queries (queries on tuples which are true
now) such as “Who are employees which have high
salary?” can be made using a that combine
the temporal aspect such as TSQL [6] and the fuzzy
aspect such as FSQL [11],[12). This query in
“Temporal Fuzzy SQL (TFSQL)” can be formulated
as:

SELECT E#, SALARY
FROM EMP_SALARY
WHERE SALARY FEQ ‘HIGH’ THOLD 0.7

The search condition contains a threshold value of
0.7. Threshold values range from 0 to 1. This value
can be found in a similarity degree meta table which is
also temporal. The table which shows similarity
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degrees of fuzzy terms of the attribute SALARY is
shown in Table 4. According to this query. an
acceptable value for “"HIGH™ salary is at least 0.7. The
values that satisfy the condition are HIGH (similarity
degree 1) and MEDIUM (similarity degree 0.72).
Notice also that this TFSQL statement does not refer
to any time period since it is a “current” request.

The similarity degree of any 2 fuzzy terms can be
calculated by referring to membership functions of the
fuzzy terms. Examples of common membership
functions are shown in Figure 1.
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Figure 3. Similarity of two fuzzy terms.

Figure 1. Common membership functions.

The similarity of any 2 fuzzy sets can be found in
[13). The similarity of a pair of fuzzy terms in this
paper uses this technique. For any 2 fuzzy sets A and
B, the similarity of Aand B is

|AnB| |1ANn B|
A8~ jauBl 1Al +1BI-1AnBJ

The symbols Nand U are intersection and union
of A and B respectively, and |. | is the size of the fuzzy
sels.

For the Gaussian and Bell-shaped functions, the
calculation of the size of the intersection of 2 set is
complicated since they are non-lincar shapes A

pezoidal function is used to approximate the radial
functions (including Gaussian and Bell-shaped
functions) and the values @, p,y,d are the boundary
points of the trapezoidal bership function. Figure
2 shows the appr of a Gaussian function 1o a
triangle function which is a special case of a
trapezoidal function (B =y). It also shows the
approximation of a Bell-Shaped function to a
trapezoidal function. In this paper, we refer to
membership functions based on the trapezoidal

embership fi and calculate the similarity of
any 2 functi using par of a trapezoidal
membership function.
: Br g 14
TN
03 / [\
0. /"Gmh pran \ Bell-shaped
) a2 38, %6 88 10

Figure 2. Membership functions approximati

The similarity of two fuzzy terms Al and A2
based on trapezoidal membership functions and

The similarity degree (S) between 2 fuzzy sets can

be obtained as follows:
= (ot )
S= h/(:' 5 h

8, —a,
S =1+ -y
Wi =wy +w, i=12,
bottom width w,, = E‘;—"Q, top width w,, = (—"-;—m

The similarity degree S of fuzzy terms of SALAY
are calculated and shown in Table 4.

where h =

Table 4. A table which shows the similarity degree

of fuzzy terms of SALARY.
HIGH | MEDIUM | LOW
HIGH 1 0.72 0.01
MEDIUM | 0.72 1 0.58
LOW 0.01 0.58 |

In the case that the value in the attribute SALARY
is a crisp value, the value has to be evaluated if it
satisfies the search condition. A membership function
as shown in Figure 4 is required. Information about
membership functions and their corresponding Alpha,
Beta, Gamma, and Delta values are also kept in a meta
table as shown in Table 5. Note also that this table
must also be temporal.
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The result of the cumrent query “Who are
employees that currently have high salary?” is shown
in Table 6.

Table 5. A snapshot of the meta table that contains
possibility distribution of fuzzy terms of SALARY.

validity of the facts must be checked if it corresponds
with the validity of the similarity degrees.

Table 7. A meta table that keeps similarity degrees
of temporal fuzzy terms.

Labell | Label2 | Simila | From To
LABEL | TYPE Possibility_Distribution rity date date
ALPHA GAMMA | DELTA degree
HIGH | Trape | 20000 | 24000 | 25000 | 33000 HIGH |HIGH |1 2008/1/1_| 9999/12/31
zoidal HIGH | MEDI | 041 | 2008/1/1 | 2008/6/1
MEDI | Trape | 15000 | 20000 | 23000 | 28000 e UM
UM __| zoidal HIGH |MEDI | 0.47 | 2008/6/1 | 2008/10/1
TOW | Trape | 13000 | 15000 | 19000 | 21000 UM
zoidal HIGH |MEDI | 0.61 | 2009/1/1 | 2009/6/1
UM
Table 6. Resuit of the current query “Who are HIGH |MEDI | 0.72 | 2009/6/1 | 9999/12/31
employees that currently have high salary?” UM
i [HIGH _|LOW_| 0.0 2008/1/1_| 2008/6/1
E# | SALARY | DEGREE HIGH |LOW | 0.01 | 2008/6/1_| 9999/12/31

1 HIGH 1
2 MEDIUM | 0.72
3 29000 1

4. Temporal Sequence Queries

Temporal queries that refer to facts which are true
in the past, present and future are called sequence
queries [6]. In the case where fuzzy terms are
temporal, the valid time of each fact must be checked
against the valid time of the fuzzy terms and also
corresponding similarity degrees and membership
functions. Table 7 shows a meta table that keeps the
similarity degrees of fuzzy terms of the attribute
SALARY for every valid time periods.

A query such as “Who have had high salaries
since Jan 1, 2008?” is a good example of sequence
queries. A TFSQL statement for this query refers to
the table EMP_SALARY in Table 3. It is as follows:

VALIDTIME = [2008/1/1-9999/12/31)

SELECT E#, SALARY

FROM EMP_SALARY

WHERE SALARY FEQ ‘HIGH’ THOLD 0.4

The evaluation of the condition “WHERE
SALARY FEQ ‘HIGH® THOLD 04" requires
degrees of SALARY from Table 7 and also the
validity of the possibility distribution. The fuzzy term
HIGH satisfies the search condition since the
similarity degree is 1 for the validity period of the

higher than 0.4 for all periods of validity. In fact, the

"

anm'e shows cases that compare the validity
periods of the fact and the validity period of the
similarity degrees. The result of the query is the union
of the results from all these cases. They are common

cases where the validity of fuzzy terms is continuous.
can be found in the Case 1, for
lyﬂmnhtnfﬂ:evahdnmeofthefwt
vuhdhmeofth fuzzy term then the
be evaluated from the fuzzy term and
corresponding similarity degree. Cases 2 and 3 show
the cases where the validity period of the fact partially
oveslaps the validity of the fuzzy term. The evaluation
of the result against the fact must therefore consider
the interpretation of fuzzy terms from both cases. Case
4 is the case where the validity period of the fuzzy
term is 8 subset of the validity period of the fact.

The result of the query: “Who have had high
salaries since Jan 1, 20087” mentioned above includes
the employee “E1”. The meta table that shows the
possibility distribution together with the comresponding
valid time is shown in Table 8. Employee E1 salary is
found to satisfy the search condition of HIGH with the
threshold value of 0.4. There are 3 cases that are
considered in the evaluation as shown in Figure 6.

In the evaluation of the query, the SALARY fuzzy
values which are not the same as the one in the search
condition but have valid similarity degrees greater
than the threshold are checked. The crisp values such
as 24000 during [2008/7/1,2008/11/1) for E1 has to be
converted into a fuzzy term according to the
possibility distribution as shown in Table 8. The
corresponding fuzzy term for 24000 during the period
is HIGH. The result for the query is shown in Table 9.

More cases
mple
is within the
tesult
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Figure 5. Cases that show the validity of fact and Figure 6. Cases which are applicable to the
validity of fuzzy terms salary of employee E1.
Table 8. A meta table that shows the possibility distribution of fuzzy terms in SALARY together with the
corresponding valid time
Label TYPE Possibility. Distribution FROMDATE | TODATE
ALPHA | BETA GéMMA DELTA
HIGH Trapezoidal 19@ 21000 | 25000 27000 2008/1/1 2008/6/1
HIGH Tm)aoldal 21000 23000 | 25000 27000 2008/6/1 2008/10/1
HIGH Trapezoidal | 20000 23000 | 25000 28000 2009/1/1 2009/6/1
HIGH Trapezoidal | 20000 24000 | 29000 33000 2009/6/1 9999/12/31
MEDIUM | Trapezoidal | 15000 18000 | 20000 23000 2008/1/1 2008/6/1
MEDIUM | Trapezoidal | 16000 19000 | 22000 25000 2008/6/1 2009/6/1
MEDIUM | Trapezoidal | 15000 20000 | 23000 28000 2009/6/1 9999/12/31
LOW Trapezoidal | 10000 13000 | 15000 18000 2008/1/1 2008/6/1
LOW Trapezoidal | 10000 13000 | 16000 19000 2008/6/1 2009/6/1
LOW Trapezoidal | 13000 15000 | 19000 21000 2009/6/1 9999/12/31

Table 9. A partial result of the sample query.

) 2 SALARY DEGREE ¥D D
MEDIUM | 041 | 2008/1/1 | 2008/6/1
MEDIUM | 0.47 | 2008/6/1 | 2008/7/1
24000 |1 2008/7/1_| 2008/11/
MEDIUM | 0.61 __| 200&/11/1 | 2009/10/
HIGH | 1 2009/10/1 | 9999/12/31

5. Conclusions

This paper presents the concept of temporal fuzzy
linguistic terms. Facts with fuzzy terms are infroduced
to valid time state tables. Since the fuzzy terms may
have different meanings during different periods of

time. Corresponding similarity degrees and possibility
dxmbuhouncedbbekq)tmmpordmd:dahbase
tables for references during query evaluations. Valid
time of the temporal facts and valid time of fuzzy
terms may not be the same and different cases of
validity checking are shown. Sample temporal queries
and corresponding results are also shown.
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Appendix: Addional cases that show the
validity of the fact and the validity of the
fuzzy terms.
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