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ABSTRACT

Nowadays, most database design tools are based on the Entity Relationship model
(ERM). The design schema is fin graphical ER format and the output schema is in
relational database data definition language.

This thesis presents the design and development  of an  object-oriented database
design tool. The ‘input schema is in the form of fact-based natural language sentences.
Output can be in relational database data definition language or object-oriented database

data definition  language. Integrity rules can also  be included into relational stored

procedures or object methods,
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21.8 mamnlneuiduylaainilfegluglainiwesgidoyadsdinius (Mapping
Conceptual Schema into a Relational Database Schema )

Database  schema ldgmiannludnuazianaufaveserdindugudeyad
ﬂssﬂauﬁ’mﬂummﬂmmu relational  schema I151@1W1T0MINSHAY entity-relationship
schema Ty relational schema'ld uAT M UMsUYas91n relational schema 1#8@1421]
04 ER- schema 92A21m61n FaTaeria 11 Tuaa ER musneiueanuduiusvesdeyaly

QY relational schema Tdd10n91Ms0FLIBAMITNTUTIIN relational schema l1/g Tuiaa
ER

iR uam;ﬂsmmsuﬁﬁ'ﬁu‘imé’u (Representing Entity in Relations)
luuday entity 18 muanglugiiuy ER  schema fiu Tuaafiants lug relation
Tﬂu‘ﬁ’; 9 Tal entity set E ﬁuaw?ﬁa A4 A gnuuﬂ“lﬁa;ﬂu;ﬂ relational schema
E: { [Ar3 D0 Bl s g g,
D,, Tati (<i<n) ti'lunwsi':ﬁﬂﬂmulutwiﬂzuaw?ﬁ"mm A,
#7889 conceptual schema Y9311 2.3 A MTAUARFAIUYOS relational database
schema 1&%0'5#8
Divisions : {[Name :string, Location :string, Profit :money]}
Products : {[PID :string, Description :string, Price :money|}
Tools : {[TID :string, Description :string, Precision :real]}
Robots : {[RID.:string, LoadCapacity :real, ReachRadius creal]}
Engineers : {[SS# :string, LastName :string, FirstName :string]}

mmirusuRENFUSn 6 Siadu Tu31/ve4 relationship type dafidie
WorksFor : {{DivisionNa.me:string, EngineerSS#:string] }
nsdimslfifnungiodu sx18pluuudiiae
WorksFor : {[Name:string, SS#:string] }
@117V relational schema ﬁuﬂﬁﬂﬁ'ﬁif{ﬁﬂ
Designs : {[EngineerSS#:string, ProductID :string ]}
Controls : {[EngineerSS#:string,RobotID:string]}
Manufactures: {[DivisionName:string, ProductID:string]}
Assembles : {[RobotID:string, ToollD : string, ProductID :string]}
Composition : {Mm&m, Quantity :integer] }
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og luglvosdaunumiearsnesh ilinnusdouimwonssasmriavestinndaanan
msadie o Iivenwadirnatinnndulse@niamues OODBMS
° 1 @ e - 1 n’: a
oI ~aunsnsivaue Wnmogduuy  duifoannsaesing ldvimedwils
v i d
ADALAZABIARD lasliManmsNNIUAIHAD
- Wonoaitoanse ( Physical address)
] =Y é Qs s
Whun1s s op TaldiduilFneanenas avesenilionddinldmy
i lFluns Tsunsuiideldnfuuntilsz ansamgann ludwnnududdminiing
A ) ¥ a = ' A ! 0o q ¥
wasunununuiFaeavesmsnlasunasmvesenmsanieiimsaumla q s ling
ud v 18 liazaanuazi Iimsimauianain1d
- ueAIAUDIATIer3 (Structure address)
104 OID sgnuiseemitiu 2 daufo danusnezdhudiuduiify
o Y o & ot e & W a o -
winvavdnuiuitazmnoavwedtseiilse lvmiludumsiadoyannaanduiiaesay
Usznoudleniuiavyoianineaaaen (Logical slot number) 1iyolddmsudisivnnn)
b iy o 4 '
1na lumeBaTtiannsomasudedoyaldazainni
- e lsnn (Surrogate)

= 3 1 J ar = H o @ 1 '
UMW OID szgnadviududanestufizsuseiulddes Liil
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Auddoufues oD wld $u nm wieoldmamusmusoviuies q fAuwes Isina
oID szgninlaanduiluneamsameidnoaunz e isudndi 14 lunsdum
- o3 TsnanuUBY 9 (Typed surrogates)
Fmawes Isinaszadnly o imsifumasediuiie vilaves D
uazoothong ledudIWdeniuseidaiumldfuudazestinndlden 9 #9Tmsiiez

= 9/ e‘: o o 9/ a o '
Houldnaislunmiiidnuaziiuosdnndimanauazgmdeyaideiaglmi
2.2.3 anwnzlaozunsuveseerioni (Object Property diagram)
Jnuvvesssdnadmiansouans @8 gl 25 uaslugit 2.6 us

w ar o 9
uarasnnyuzveaniwlulnssainnvesirontondniszney lUdeeslsTha HAZTINGN

o ar U o @ e o o -
uarasanbuzAIet1veRmId A Tuanunizdydnuaiiunsiiln 18dsg1§ 2.7

object class

@ instance object

composite ‘class object

OGO

q. ar o
30 2.5 uanedydnuaivesonriond
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composite instance object

0000

311"7; 2.5 (D)

slot name

methods with messages {description}

00

function-global

- 2-43 constraint

Iy

:; as ar s
JUi2.6 uansdydnuainieluTnsaadrevesentiong
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class attribute

<name>

class method

<name>

shared attribute

<name>

instance attribute

<name>

instance method

<name>

sU2.7 idaadaa 1 dadnual
g2 nslddadnuaivonana A

2.2.4 MmugannuEMusudnvazveslaezunsueoiiond (Expressing relationships
and the Oobject-Property diagram)
Sreerinnd ldimainuouRauazBumumniudniy munsouannAIRLL
Tudnvaiz 1o (Hicrarchical) dananalugili 2.8 Tasensan 1 Taouansda
® [S-A relationships

® Instance-of relationships

T IS-A IS-A relationships

instance-of relationship
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PERSON

[20-65]
~...A...~_._.<Calculatc_TotaI_Sab {calculate
instance-of salary of all
employees}

o s

JUN2.8 uaneiiodrams 14 deanval

o

2.2.5 Yonfsouifiaun MKz RDBMS 1 ODBMS
° [ a o JId o ar
M3Nmues RDBMS iiluszvuianspdoyaidaduiusniminsdwmsuifiude

an ot e Y ' & a s dfvdd o ar 3
yah hidudowry ¥o anadiey dofvesszuuinfe ldsumswannununauudey

u

- a a wa ' g° o
Huafiosnmnnudunzioinmldsnuaifmarinid RDBMS mnsduanumisd

P 3 a o o dy ﬁ o an o da
pifsuazuAelnama - Puyunishouvesszusieiiuludnvusaeslifiunfe

as o o & ar a a 9 a o el
withunrduaedul  Futludnyazais Tuvashszvusamsgudoyadaingezfiu
lueaniianududou Tao ludoawnowiiudoyaliimdodfivaunaeaiia loDpBMS
muzAuundwTaaliRnduetets  dmsunisdumily RDBMS wzilnmdudeund

o o ' ) W o d o

Joyaminnldhidudeunadmivlu opms seiiulugavesmsifudoyafidudounn
1 ' e o ar o ar =) ﬂ. : é
uanmsdum lidudon dmsumaiiauves opBMS 185unnutiouSudauasl 1980 &9

» [ . . .
Tuvaziueninndilufioduiiunaugnimi uatlymiainylugausng vos ODBMS inuiv
fede lidluszuugidoyafiauysaiviannumusalunmsuindwioudiTas  ad1 T

ar ' Yy o o ret ' a ¥
noalinnuduauey  wenniniinwidihiesge  ualuilegiiuil opBMs 1&Tns

- " Y] - - L
wan Iinadm I szuviinnatos nwuntadiu
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3
DITWITTH S

3.1 jdnvunazvanlensaimanmensssuwa
msiuunguvuuazndnlonseliazammalisunsy  sremnsofiozyhnissa
=ﬁ'muﬂ'l'wmmfunzmumNT'IJ:'uﬂsuTﬂumﬁungﬁoﬁqﬁuﬁa;ﬂuzﬂwa productions 9
wanslug il 3.1 Tavamnsovnisutioemihe a ssinn8aaiiae
I. Right Lincar Grammars
Context Free Grammars

Context Sensitive Grammars

iRl b

Unrestricted Grammars

Right Linear Grammars

Context Free Grammars

/ Context Sensitive Grammars

Unrestricted Grammars

4
3.1 uanasznnveslaoasel

3.1.1 Right Linear Grammars
da 3 1 ] o
iy honsaitivziludiumilaves honsailug)iuuuves Context Free Grammars
w o r.\v =\ o Ve oar ot z 1
anvuz honselluguuuiiimstmualddydnueiidu nonterminal symbols gn1s
o W e (] 4
Awniloveshwnsal  Taulideydnuel terminal  symbols  agmiadmdrudoiauods
. »
annsanzuaasgluuylddaiife
<A>:=t<B>
<A>i={
o ¥ .
fmualn A B (il nonterminal symbols

t 11h terminal symbols
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frodaglunyitldihdnsas lonsallszaninldivuddovoass Toalun
Tosunsudaiife
REPEAT...UNTIL
DO...WHILE
IF...THEN...ELSE
n3di143ves WHILE...DO uaaslddaiine
WHILE x=2

DO set y to y=x

3.1.2 Context Free Grammars
o 3 a 9 - o a s
{hulnnsainanieldefelasad s lnmnsssurd  tasgeilssansnmly

= d o a dyw - ) ar o Y =
AT AUNTIEN ﬂﬂﬂ‘l&uhtl'lﬂim uaﬂmﬂuuuﬂuwuuuﬁmmumﬂwﬁmummmﬂﬂmﬂm

finglug1unitis ondt -BNE (Backus-Naur Form) ;'ﬂlmwaq"hmﬂimummsnwmmm'lﬂ

¥

=4 A
1URD

De

<S>1= a<S>b
130
S——PFasb
dnwaizues honsshlsunviig SiidainpoiNithy nonferminal symbols BYN ALY
VOINYINLIAURY? uamnﬂﬁgﬂuuumﬂmﬂ:nﬂszhﬂ (parsing. algorithm) e13130%1 1@
TudnvaiiGondt vuasas (top-down parsing algorithm) {18 Aeu (bottom-up
parsing algorithm) ﬁmdnsﬂuuu‘humm&' HAZR1SAS 1 parse tree Aalugilii 3.2 Tauldql
wuy honseidnuazdaiie
fnualiiiiulionselii |
1.8 ———rii NP NP
NP ———==P! _Art - Noun
3. NP ——P» Name
4. PP Prep NP
5.VP —Pp Verb
6:Vp. ———p Nerb NP
7.VP —— Verb NP PP
8 VP | ———Pp Verb PP
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NUUING): NP 0 Noun Phrase
, Art ©°  Article
PP **  Preposition Phrase
VP © Verb Phrase

Prep “° Preposition

ﬁ"mti'lqgﬂﬂizmﬂ John saw the cat by the pond

e
Jo{ 34 /I}un Pbe\
o8\~

pond
= e
311713.2 A parse tree Tﬁﬂ‘]ﬂ?tﬂﬂﬁﬂfﬂ 1 'hqﬂuuu context free grammars

3.1.3 Context Sensitive Grammars
duhenseiiannsoimidofiunedsnanduiuiveaghlizlonTaammnoves
1J'szTUﬂﬁﬁﬁ‘nuwz"hu1nsafuuuﬁ'ymmsm7'tnzaﬁummr‘r’uﬁ'uﬁ’umufan1'|‘fam1mwiathu
fisauihulse Toam IMiAadnnumonwitdoens addugil 33 deedtnsigluuy
Tanssiviiafhnlfmuddnsasiansonnaslddeiao
fnualtlonsefi 2
1.S —— NP VP
2. NP —» Art Noun Number
3. Number _ ———==_ _ Singuler
4. Number = - Dliial
5. Singular VP——» Verb -s
6.Plural VP ——» Plural Verb
7. Plural sp— s
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ﬁaadngﬂﬂsﬂun The cats cat

/*I\ VP
Al No
TZ cat/"\Pl ral

-

‘ d e
3 3.3 uena parse tree Taoldamnsaidii Tugalunn context sensitive grammars

¢

+ 3.1.4 Unrestricted Grammars

o o1 4 e
W laonselihisigyuvuimivou Fapdusutiszgnimuaaninaudeanisueedle

=

. »
udazyana - dunsuiniissiteue i@ lavnstivsfisthainedsls uAdoanuvesgy

-

»
o

- 4 4 o
wuvlnnselviafissuiuiingns 1veshonssifimisdndhoiazynyoangezdes

. »
Usznov lddodennuidhuia terminal symbols 110% nonterminal symbols

3.2 mIamwmsads (Parsing Technique)

- - s " [ ar

nemsanszvidszlonlaunisasivaey Inssndreveasy lahiiaugndesniumdn
vl ) ' & e - nl 43 | o ﬁ' vlv °
wnsainioli FILIMIATWABUAATIEH Lnsnt ludnuasvesdu Iinszerod
(Parse Tree) Taully (leaves) 1iudgydnusivhodsznouidudonululysunsy  uadl

. ¥ ¥
nifudydnual nonterminal dmiumsiiviadaiaunsanswitld 2 3idende
) MIMwsaFmUpRGonh YUaNEN (Top-down parsing)

3 i i p— ;
ii) MIMWITaFauuuiEondt a1vu Bottom-up parsing)

3.2.1 MIMMSTFWVVUURIAN (Top-down parsing)
Qe P oL 4 = © ar = o Y
WMIUUUTEUNNNTINY0AU T (Top-down parsing)  dmTunmsdnseiuyuiiu
mulann - mszdaneiiuhidudounazannsoad1aldlasnsson  production Y9N

UNNINIMIATININTIHN IBMsaseasunanlnnsaiivian ludnyasysIuuadE
e SRS ok . . e - P
ildnsoli  Faiuifossdesordfifonn  LL grammar  Hudns9Tnseiadedman

¥
o

-
Tonsaniuil

o

3 1 & (ay '
numzﬁxi‘lu Left Recursion 92 laiiths LL grammar Fam 1 lawnsaiii b

a
MuzRIEM Top-down parsing
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o (dl.d > [
anvaiz 1ol Al Left Recursion 19

1. Expr —_— Expr + Term
2. Expr —_— Term

3. Term i Term * Factor
4. Term —_— Factor
SiFactor (Expr)

6. Factor —_—) var

@ d o 9t q’: o dy
vnuan enssiefue1aMs Expr uay Term 4ilu Left Recursion uon9Ini

ey Y 1q ¥V a = o a o a e i
WM WiliIAA Left Recursion s I8 Taumsiiudydnuel nonterminal symbols

ar L] o { o . '
drlmiaalllulennsel vz1dTiornseinannsasin Top-down parsing. 18 lmine

L.ExpT i i Expr Ehst
2-Elist L2100 ARl +Term - Elist
3. Elist Trryes > £

4 Term g ZuR S Factor Tlist
5 ITHA ST, DAL P N EaCtor TS
6. Tlist 020 Ny o

ARgcler ) &y (Expr)
8.Faging "8 N, var

2 ',‘ ' L4
3.2.2 MIMMNIFIVVAYHUY (Bottom-up parsing)
duFimsnsznwhwniulginvesduldnzned  msmous Botom-up
< ; ) o [ -~ 1 o s < o s o 9/ o 9 = 1
parsing H9z152nouUA0MIMY 2 daufe awimanudydnuaivesdeymindiioni
7 ' A o { o ar o 9/ e L4 ] ' ar
shift wazdmiimihiunudydnueideyaddrodydnyel nonterminal 5091 reduce &3
: 3/
WUNITNIIUYDS Bottom up parser WONISUNI Shift reduce parser HONVINLUNITNINTUUDY
o @ { ' L ‘a’ ' a y& " 9
TinnseiludnyseiiGond Shift reduce fivzaniuiiu LR grammar (L 1Hu7%89msemde
o 9 3 ¥ | [ qyee 3 =) 1 = = oo
yahwinnddieiie | R dluddtaimsdumngludwenie) udmindans fadaon
5 v ' ek ° < & YN, '
M3 Shift reduce udwaain hownseshiuildnvazdnivvedlhnnsel  Feozdod lisly

LR grammars
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[ ' o 1 J Z o
ADUNMIMAUIVUANYUUY  (Bottom-up parsing)  1A019MANMS LR grammar #3729

a ¢ a P
Wz A lugiii 3.4

fmualiidhulonsel 3

NER Expr + Term
2. Expr e - 1T
3. Term — %  Term * Factor
4. 0o s Factor

5. Factor et (Factor)

6. Factor & == o var

#m g
I: var * var
shift var
*var 4
reduce using rule6
*var gl
reduce using ruled
far <
shift *
erm var. 44—
shift var
Term*vai -

reduce using rule6

Term*Factot

i

reduce using rule3

Term

t

reduce using rule2

Expr

EE
t

Accept

" v
317 3.4 uaas Bottom-up parsing @MV x * y ludnumzduneuyes LR grammar
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NHUVRIAUANNGNADA

b Y w oar v £
4.1 MINTNNHUBILIAUANINYNADIVRIVRYA
. ﬂ & g & ) ﬁl
conceptual  schema design procedure (CSDP) (MunszuuNIsnadevuuIion
A . U c: ' d “ ¢=
tymluFeanamlitwvesmseenuuuszynmsaumsifivualng 9 Funannufady
¥
AUt 1fiANINALAAYBINAATI9158 G. M. Nijssen NNUMINGIAUATULAUA (University of
Queenland) Uz E. D. Falkenberg (Katholieke Universiteit, Nijmegen) 19t Falkenberg 18
3
21300 conceptual schema TaverfunugIMYDIse Tonn1visssuana
aow a2l L o ' a
naw 9 1 danr NIAM iiuandteiinaiuees Nijssen 32uRv Falkenberg itaz'ld
unvindumisdorifomouns Tay T, Al Halpin ( University of - Queenstand) 1ums3ins1es
= a o a 4 =t ' A . o o
v TudeIN93a (Fact Type) ¥4 NIAM  92QnI50n71 fact-oriented modeling My
NIAM vziidnyazadio 9 AU Entity-Relationship - model - inaue 1Ay Chen (1976) us lu
»
wowfisziinnude q ni1 uasdenunuivves uan ludnyae s RuINn
: ° =t " : J A‘ (]
YUADUMIM 'CSDP - {18y 9 TUABUINNTYUIUNISISTUAUAWLNITAIMUA fact type
» »
wazdurouae q luszilumsvimsasisasudofanain dmivdunoumsii CSDP Taa
e
ifie
- ' o ; °
Lasnfasunlasgilvesdeynldoglugivesdedionisiugiu  unzdmuagquniniums
N399a0Y
2, ‘Z‘MEIJ%JEN conceptual. schema. diagram
o . \ a - L -
3. ¥99 entity type dauiuive lddamonss
4. IWW unique constraint Tuusag fact type
5. A3IVABUVDININTIV0N right arity
6. 1AW entity type , mandatory role, subtype LI0Z occurrence frequency constraints
7. asvdovluuaay entity 71452yl
8. INW equality , exclusion, subset 1A% constraints DU |
¥
9. ATINADUANANY5IVD conceptual schema TilHTHANNadoU

4.1.1 YUADUMIOONIUY CSDP

-:'I ~ - ' - - X
duaoui 1. nldanunlasplvesdoyaldoglugiusadomeTafiugu
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v & A i o ey o
ﬁ'uﬂmmsaﬂmmu conceptual schema Tudnvazveuelwamsundniu KIUANDU

9 :e’: o ar = ) = o ar 3/ Y 1o =)
Huluuuﬂzﬂﬂuﬂﬂymzﬂm manual 145311”]f’JuW')lﬁﬂsﬁjﬂJUQﬂay‘a‘lﬂ“ﬂ‘ﬂTWQﬂi'IU‘Tlu'Hsa

¥ 3
lifihuenassearusi LR LR R L G T R R R A LY

A13137 4.1 HAAIAIDGIITIVIUYY Tutorial group

Tutorial group Time Room Student# Student name

A Mon 3 p.m. - CS-718 302156 Bloggs FB
180064 Eletcher JB
278155 Jackson M
334067 Jones EP
200140 Kawamoto T

Bl Tue 2 pom. E-B18 266010 Anderson AB

ztﬁu‘lﬁ’h'm1wmmn'?;ﬂsEim‘ﬂaga'ﬁ'umuuffﬂfiau%bwq'iugﬂmm elementary facts  9IN90
yalum1ail 4.1 aunsorhinuoog ugthlss Ton facts 1adsi
Tue group A meets at. Time Mon 3 p.m.
Tue group A 1s held in Room CS-718:
Student 302156 belongs to Tue group A.
Student 302156 has Name ‘Bloggs FB’.
dret1agth)sz Tonludnume elementary facts utisoenifu 2 Snumsdaiine
. one object IHUANYULYD elementary facts N 9 Tifivsootiandiaeay
role Lﬁmlﬁ’l'f‘:
§00191%Y  Ann smokes
2. two objects IHUANHULYD elementary facts MARIN 2 DOURNATAITURUT
fuTad role Muszninestlionanaans

AI0619% Ann employs Bob
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dmsugiilsz Toadt lifi elementary facts TdnuaizRaiaediesoliine
Ann smokes and Bob smokes
If Bob smokes then Bob is cancer prone
All people who smoke are cancer prone
‘lfuﬂﬂuﬁ 2! ’ﬂﬂjﬂ‘ﬂm conceptual schema diagram
1uifumauﬁyﬂ:i.mmmﬂm"lﬂawﬂswm fact type "#Qﬁ‘lf{d entity type, label type

uaz role laslddoyavinarsiaii 4.2

a ¥V o a o - ar ar a
MINN 4.2 HAANDINT4N2 9 WifsInuMIsTUs0oud

Drives: Person Car
Adams B 235PZN
Jones B 235PZN
Jones E 108AAQ

nnswazidoadeyannmeannIanaaeglugue dementary facts 1@laoli “reg#”
nﬂu%adamaq “registration _number”

The Person with' name ‘Adams B” drives the Car with reg# ‘235PZN".

The Person with. name ‘Jones E’ drives the Car with reg# ‘235PZN’.

The Person with name ‘Jones E’ drives the Car with reg# ‘108AAQ".

U a o | i & =
ﬂaumzq'lﬂazuﬂsmm conceptual schema TIHUNY entity type ‘-'NU‘S?U'IU%’JEJE?J’N?
- ;

nioonsziiugihnani 1 Tavdoves entity type  gridiou & wluvesgiadinienne:
= =1 ) a = y

Wou'1idha q nld @ M3V label type wziilugriheTiduilse  Tavdouea label type
0199 TUFOROINUAIY  reference mode (W “regh”)  W3IDOINITUANAN (1FU

— e‘: A-a’ q” as 1 o —

“personName”) uierAaluziin 4.1 Mueudduaziailiaiudietnvesentlinnd laoilu'lae:
UATUUDI conceptual schema i lsauaaseglugdanvuengulassoveslsavzgnunuiiny

v o
lunSemouenngui’ld
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@ drives | driven by Car

has name has reg#
is name of is reg# of
: ersonName reg# 5
P { g

3117";4.1 uaAalavzUN s conceptual schema
Sumpd 3. via entity types a9uiRuiivy Iddoiiansy
“lm']v'unauf'fé'uﬁnusn’lﬁ'ummau 9 Tﬂué’mn"uwﬁﬁewuﬁﬁyﬁ"him"uﬂu‘lu'1ﬂ
oziinT Tmﬁwusmmﬂumuum UoD Tuuna.,mummuqnnmﬂunnmmmummﬂm
muumsmaﬂ entity types isredoaiuly1ddudly mutually exclusive mamﬁunnmqwa
T entity type ermmummuﬁ.,s'mnu'!ﬁ'ﬁnaumﬂnmmuwupwm reference mode 1AM
Awiaed1elumsne 43 snzersenlaozinsuilongi 42 seiildh wholesale
price, Retail price 118% Markup ﬁqwuﬂﬁ'ﬁﬁugwwaa reference. mode 1AgINUABITIY ($
zmzuanmnﬁ"lﬁﬁunﬂqmﬁuH’iﬁayamnﬁméwiuﬂmaﬁ $50 fi31Q0gWa Wholesale
pricc Uag Markup Tunsdiiiess entity  type vmﬁ"’mmﬁﬂanmﬁmﬁ‘wwauﬁﬁﬁ11'9‘111:
NIN13TINAUVDA entity type Q'I'IJEJ!Jﬁ1N91'|'i'N retall price 1uuﬂ11llﬁﬂﬂﬂamﬂn markup
g nfufteniudvsmsnoufoudiseniiouRifires NINAIBE1UOY Al il retail
price  #alsIngegamntenzinsantdhianuaenndosiy markup ST OUAR
mmsmzv‘hmsﬂmi‘lumuﬁﬁ’aﬁmﬁu‘lﬁé’auﬂﬂﬁugﬂﬁ 43 FusuARvemmEINIOUARY
ogluglaunisadiamanylddaiiao

Markup = Retail price - Wholesale price
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" o -
M99 4.3 uandeINe9s1weadoyn Wholesale, Retail 1z Markup

Article Wholesale price($) Retail price($)” Markup($)
Al 50 75 25

A2 80 130 50

A3 50 70 20

A4 100 130 30

wholesales for

Wholesale

price

(%)

—— 21 (RIaHE-I0F Retail
price
($)
has markup e Markup
(%)
3UN4.2 uansdounnsealu conceptial scliema
has wholesale pricd
Article has retail price Money
(art#f) 6)]
\ has markup

*

4' Adycl ar
E'IJVMJ ll.?fﬂQNﬁ'UENﬂ'ﬁi'JU??IIL'T]UIEJUﬂﬂIﬁU']ﬂiJ
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v
as

VUADUN 4. WY uniqueness constraints 1ULARY fact type

N30 unary fact type

Person jogs
(surname)
Adams
Brown
Collins

JUN4.4 naaslaounsuued schema-base TuANYMUE unary fact type

A o 1 4 v i o
neglit 44 sufinlddeyniiflogmusodoulioglugives fact ype 183:i40
The  Person with surname ‘Adams’ jogs.
The = Person with surname ‘Brown’ jogs.
The Person  with surname ‘Collins’ jogs.
gy o a 4 s/ e a & - = > 4 '
mn«wmﬂs}swamﬂﬂaiﬂiug1wsgnuwmﬂa:‘1wu51nn1stﬂauuuﬂnwegawn1 19
minimsmuinnusanesa

add: The Person with sumame ‘’Adams’ jogs.

iU Adams jogs (Hudeyaniiogudalugmdoyn uazvasiie1dmsiudh
Tdnuansdaluguit 4.5 Mlkdannusidonly clemcifaty fact AiRRRY IuAaZI0I97 9
ﬁ'msw:'lu'uau%’m‘fay,avmumﬁé‘m‘s’auﬁuﬁqgﬂﬁ 46 anhusnzumag unique constraint
Taouaaaludnynzinioanuiognasdagiii 4.7 Futhuimsuanaiedoyaluusaznodniozil

iHoedeyadoidedi lidiu

Adams Adams

Brown Brown

Collins Collins
Adams

Wiles uansmsindoyaiitiogudrlugndoya

-



Adams Adams
Brown Brown
accepted Collins Collins
Adams
: v
JUN4.6 namans lieygaldifannuddouseann,
Person jogs
(surname) < >
Adams
Brown
Collins

3ﬂﬁ4.7 uaraam iy uniqueness: constraint

4.1.2 Yerioa3wwuhnnd - (binary fact type)
o o &
- ANUAUWUBIUUY  many to many
o o d
- ANUAUWUTUUD - many to one

ar o «
-ANUAUNUDUUY  one to one

o o o
ANUAUNWUDUUY many to many

€ x rejected
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" »
sunnlaszunsuvesafuinlugy 48 suiuld1dhluudazuor lifimsdnduly

9/ v ] Y = ar ar " ﬂ'.d'l
asngudeya ud i hiswsovenldiuilu student @oIfuINEIDON  student Tide

¥ v
Adams sngegisaesnisdoiulunediniusn  uaz cs112 Mlnngdeaoniuduiuly

Aodminaes  vindedniinaastannudniuiludnsazuuy many to many (M50 m:

] ¥
n) 9319 4.9 Tunsdithis198MIN5590 student 1A subjeet 11U unique 1AL Taouana

3 "
ANAs A INId0INeANIVDIA1T19INWT AU 4.10
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Person

Subject

(code)

(surname) studies studied by

Adams CS100
Adams CS112
Collins B )

o - e
3UN4.8 uanalaezinsuuee schema-base udnymz luuTs fact type

studies

Person ®

B o P e NS
e -®

Subject

" @ w  d
3UN4.9 uaRInUFUNUSUUY many to many

Person Subject

(code)

(surname) studies studied by

< P
Adams CS100
Adams CS112
Collins Cs112

31]7!4.10 LAY uniqueness constraint

as v '
ANUAUWUBIUY many to one
Tinsangdi 4.11 9207u'1891919988 Person Matw qau Nezilinisameiion
il degree AuIU 16 1l Person Aula q imsameidion1dlunats o degree  MsUSTOW

. ' ) ¥
Tuz1 4.2 uamafiamisiinane q person fivziimsameidion degree Aoy dafund 1@



33

' 5 o a { Y
N s enrolled in...” 11 many to one M50 n: 1) dmfugii 4.13 uaraamsl4gnesy
Tunedind Person oW 1319 surname L AL T,

Person Degree

(surname) is enrolled in (code)

Adams BSc
Brown BA
Collins BSc

ot £ ;
#UN4 11 uanao199giinats  person Arusoszameidion 14 degree Boafy

Person LAY BSe Degree
¢ BA
b

3UN4.12 uae I NuFUNUTILY many to one

- Degrec
is enrolled in (code)
4—-p
Adams BSc
Brown BA
Collins BSc

4 s :
3UN4.13 uzrmanisyhnedni i unique

o o o
ANMUTUWUTDIUUY one to one
= - 4 U i N o '
TAnsangUi 4.14 15119 “pm» iWuFedoves “Prime Minister” vzt 14

Person 130K Prime Minister  1RRoa)szmmaon oz luudazdsymaannsoiimio
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r a n’: ¥ o o o
Prime Minister 1AUNBUAY ﬂdﬂﬂiﬂlmlﬂuﬂd fact type ﬁm{‘lummﬁuwuﬁuuu one to

one (30 1:1)uansdagui 415 wazzilil 4.16 usrmsgnasiidamun It luidasnedunll
v
Uy

is PM of
Hawke Australia
Thatcher Britain
Lange New Zealand

= = ;
3‘1]114.14 LEAID9 uniqueness constraints $111 a7

Person is PM of Country

QTQ
$éa

. @ o o
3UN4.15 naaanMuFUAUTILL one to one
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is PM of
< >« —»
Hawke Australia
Thatcher Britain
Lange New Zealand

i 1 o ot 1
U416 nansluurazaediniaziiu unique

4.1.3 n.n%’aﬁ’aﬁ’u’luﬁ’nnmsﬁaudaﬁ’uw?a‘lué’num:tﬂu‘fﬁn-}nm-thu (Constraints
involving joins or nesting)
Inter fact type
TAus3TNALOIMTITOUABAUYDIAI S T1 HaE T2 TAUOIU94 T1 f11U0IU8 T2
Taoiilunoduni B Wuswosmndousofu uargaieudslunedind B axlsngdnnialu
Naﬁwﬁﬁ'lﬁ'mnﬁ'mmﬂu;ﬂﬁ 417 U row(albl) GU0T (blcl) UAE (bl,c3) 95

15y rows(al,bl,cl) ua® rows(al,bl,c3) ﬁﬂuzﬂﬁ 4.18

Tl al bl T2 bl cl
a2 b2 b3 c2
a3 b3 bl c3
a4 b3 b4 c4

‘; T o
U417 uemem319 T1 oz T2 9214 entity type 321U
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13 al bl cl
al bl c3
a3 b3 c2
a4 b3 c2

418 uansense T3 fueIesmeeensn T iog T2

- ﬂ: ar at 1 é a {
(W constraint NHANUTURUTIINAIMTIRNLALNITINAII R 4.4 WY

Al & o
TuzUuea clementary fact 91nuaaRNTIs 1ad iAo
The Student with student# ‘001" has name ‘Adams J’.

The Student with student# ‘001* is in the Class with code “1FA”,

vndemveTasniiunu@niusssnng entity ting label oy entity gniinaus lavn@
el label “Adams I iumsthicedisdmitdafivadsiinoudhisininnind student qn

IMuA TAUSIUILVDY student ML INEB LAz AW dhil) Idndan 1uana 19909 student
ﬁﬁ%tﬁmﬁu (“Brown C”) ﬁx‘igﬂﬁ 4.19

d' “ ar L |
M3 4.4 uaasrwnunoaninGoululerga

Student : studentf name class
001 Adams J 11A
002 Brown C 12B

003 Brown C 11A




student i_ has name Student is in Class
= name - <) (student#) <> (code)
.“\-\“’ ............... (;. 7
AdamsJ | 001 001 11A
Brown C| 002 002 12B
Brown C| 003 003 11A

P
3419 ummalaezunsw conceptual sehema Taol¥ayaninma 4.4

¥
o

[ d o
wlunaazunlve s miymannsadimsuonoonitluaes clementary fact 18 Taumssey

at

A1l

A . i P ‘b o8 5

VOVOINDIY unique constraint "1u'1ﬂa=un‘smamﬂum¢nmwuﬂuﬁmswmﬁm fact type
0 " v

WhdaoiuTasnision role iWidaniuTaoldiduilsiisnysdr v Tao v Sugastanisiy

2 o o i = ] s 1 y'
unique A3 4.20 FuseGondntiuneumasurizznin fact type 1191 * inter-fact-type

constraint”
‘,-f’."’ ? .'H'\
. = -‘\\\"-.
.-,.-"'"'“ Nh_“"-\_ ‘.‘\\-.
r[/ ; i// "'“"\\-
, student ._ has nama Student 15 in .
%, name / ——ie (student#) <>
""""""""" Adams J | 001 L 001 11A
Brown C| 002 002 12B
Brown C| 003 003 11A

= = Yo o o s @
gll'n4.20 uaaIns 14 YaN¥M e TIMTY inter-uniqueness constraint

Nested fact types
A o 3 o ° ~ k- 0 W o o« @ w db
Tunidinnism unique  constraint il”H.ﬂu"Viﬂzﬂﬂ»WI'Iﬁ@ﬂﬂﬂmﬂﬁuuﬂ’ﬂ)lﬁuﬂuﬁ“}ﬂl u

@ o

e o ' 4 o { o = a & o
ANMUTUWUTNIOUDA rlnﬂﬂ')ﬂU'NlﬁU'Jﬂ'U people ﬁ“’]ﬂ‘]iaQ“:lUUU']ﬁﬂﬁUu PIUNOUAVUD

A ! A ' : @ -
ﬂzlluua’]u ‘HQE'[]“'UUQ”UTUHUQIJM”ﬁUﬂ')—! nest fact type ﬂ:llﬁﬂ\’ﬂqzﬂﬂ 421



38

is eng©0ll¢d 1n Enrollment

scores Rating

(rating#)

gﬂﬁd.ZI LIE¥AY uniqueness. constraints Tudnunig nested fact type

e’t’ i o a -~ =
JUADUN 5 : ATIVAPUADNVTIVOY right arity
¥ ¥ ¥ ' u 0
Tuduaoui isududesifnlddimntuaoui st aun  dilanuseu
=y o' = Y a
noulumsinied lumseonuu 19 - & mSumsnInITaI 198U arity ¥93 fact type 1
n‘: qvq a8
Tunouilll 3 35fe

¥ [ =, 9/ ' - 3 4 °
1.M15 HUNLLUZUBUDISUI ‘lUﬂL‘LOUﬂ‘\JﬂQ‘\IOQﬂU'I0?1']147!03?1&#1@?9111011! mqmsm‘lu

:
o

Seo o Y o oA o A
nitiliduiudeserdonruiiumdailogneaunds
2. ngmsuanuezdoyaszldmsiinuludnuoly shortest key
o o L4 pitd e 3 o & ° °
3. MruadganyalveanIsvomessaliiy fact type FInITMIMITHONLLZIZN
3 : LT N 2 fps e
TauTysi9nsu (projection). udaimssanlminass ddoyalmitisngiuudl lidesi

P & 3 a & '
MIUOALDE fact type DN FavzApaiimsnareulunisusaues liFos 9 su'limuisousn
woz'19on

U ¥ 0
TUADUN 6: N entity type, mandatory role, subtype I0% occurrence frequency constraints
entity type constraints
a ~ ot ' y 1 ~
A lugiii 4.22 szitu'ld3 entity type ¥03 Country lunguilszmsiionney
' : ia - ]
Wunssd 1y vod  etelsiaundiu 'l 18feziinna entity types Adluean@ning
awsaszyldeie q (u m3oyswdaluleduilndinuiifios 3 ¥iia Ao m3ognos Moy
td
= = ° ' i 4 o ' ,
T uazmSogmeauad ) Mndefmuamiuil MedalKind Huniialudedaund entity type

constraint
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MedalKind

(code) {G,S,B}
...wins medals of kind..in quantity [1...200]
Japan G 1
USA G 1
USA B 2
USSR S 2

a :
3UN4.22 1Ae copbiraints 14n193%1) MedalKind naz Qty Mandatory ttazeo1vuIsa

- o % 4 <
Tug1 4.23 uamedamsszyAnueisant role Absentity 799 Sex 1T mandatory FIIAA
1 =i 4 1
21 Patient 1@nﬂunzﬁ’mﬁmﬁmuaﬁmzuam role Y94 phone Li‘lumm optional HIUFAIN

patient 'l:lji‘in‘f]uﬁmﬁ phone ¥)NAU

4+—>
is.of W {M,F}

has Phone

(phone#)
311423 uarman iy mandatory # 14910150

Subtypes
" ¥
#1381 UoD #iilu people dnfuoveziorsanidiudhuduonsodudaldimszdane

=1

[ Y 4 o - o o ar - =
anunnesd @i mua i H (hairy); T (thin) 1oz B(bald) dmivdndansuiiuyanain
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-y o ar 4 4 o 1 ar A
umuIenaeayas  dmiuinsesmunoiuaasdnue < Wunishildduin 1y devzuan
A19910 “0”
a0 lhs19z19nmdiReady UoD Tumsdmua uniqueness constraints (1510035UMY

o d : 3 Ao 2ot a4 d ' - e
AOANUYDY Haircover LAz NrChildren WiiMs$1dou) 91nAI06199211 1891 person Tt

& I.H' A o a
N9 mandatory role 1A% @03 optional role 1AUN Sex maumazuﬂﬂm:ﬁ'ﬂmms'uuﬁn
usAlu haircover HAZ$1MIUYDY children (FumMsTuTinuuY optional  LerAISubtype Tugaln

4.24 Taull Man 18T Woman 11y subtype 1 person (u super type {M, F}

<>

Person | is.of Sex
(name) (code)
{H.T.B}
<> <>
Haircover has bore

(code)

Man = Person of sex ‘M’

Woman = Person of sex ‘F’

31]'?.\4.24 EA4 conceptual schema Tudnvae subtypes

Occurrence frequencies
- P 9w oar A o o -
Occurrence frequency constraint lﬂﬂﬂ’ﬂﬂﬂ‘ﬂﬂxﬁﬂﬂﬂﬂﬂﬂ‘imﬂuiﬂWJll‘UEN label W

- J a - o e 1 §
ovzifindu lunodinivesdornonse sedaeonalugait 4.5

r

n

o de a o -
rlﬂuﬂaanum:mﬂmum n AN

i a J @ o = £ [l
f1n=1 udrnnudinatuluderfusy uniqueness constraint (YU



{HD,FD, T}

DriveKind

(code)

-

>
Iﬁ. the year.. we sold drives of kind .. in a quantity of ..
1986 HD 1000
1986 FD 7000
1986 T 1000
1987 HD 3000
1987 FD 4000
1987 ; 500

U425 nanamsiuinmsvisluudazsl

| 4
o

Yunouh 7: aTvaeuluudaz entity #i 1852y 13

4]

[l . b
vinivuiaosdoya luuenin I8 lddudecanirim q univ szoiuldiuiiuiiass

' Vv v
Nuaastannuduiutssnivrilaeudauasyiambaludnyazanudmiuiiuy 1

1

mazdoamsiiiwdemsefinniues  ulananuiiusswdanisdradaiadala q luoud

2 3 Py 2 4 2
aniis q vadshimansedwldlasldiadafonld  Tugii 4.26 urasdams1daiiamiia

¥ ' ¥ L
SduouARDa 2 ¥ila uazgUi 4.27 uamsgiuuedetessnisiiaeuAnuazyiiaaiia
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| m—— {al7}

£ %
has surnamg { surmame |

o

"\,

has initials ._.__; initials ‘ {a2}

¥
! Py Al 9 -
3UN4.26 1anan158198384 schema i ldanaeaiila

Student

(surname + {a17 + a2}

initials)

5UN4.27 nansgunusdisnovemsianlugiiin 4.26
a LY

¥ . . ¥
YUNDUT 8 : 17 equality, exclusion, subset 182 constraints DU g
n‘: Jd ' & dd'w ' ar g o U & A &
11111149’1914unJum'iﬂmamﬂﬂumﬂiuwmﬂﬂﬁm111'1ﬂﬂm’ma'nmum HINDUE
e 4 ' ' 4 1 ] £ . .
wsunhzna1die luedaidu equality  — constraint, exclusion eonstrdint 1A  subset

constraint

Equality Constraint

ar '

=1 31 = =& =t d’qyt
1ngl 4.28 vzmu ldhivagnasuanszninlsa FusvziSonneumasuniuiiy

o

i - a Aoy ¥ & °
cquality constraint @11150051100 3T 1A a1 n1azle quesgdeyalu 1 Faldvins
w 4 ar 1 { Y o ' ar a1
U #1992 equal AU nguves 2 Wldiufinuds  Faag) 18 heednstudinly i dee

4 = a ) o @ o 4 o o 4 2
deldtinsiudin r2 udy  dwsumsliiagoesludnunedsgfuanatufiio duny «i

E
and only if”  uenNMIATITIEINIOMARIZUULUYDA cquality
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rl For all states of the database
/ 1‘1 pop(rl) = pop(r2)
i
\ Y
r2 For each a:

rl is recorded iff r2 is

3UN4.28 1A cquality constraint

Exclusion Constraint
5 = v — D S AT ‘s
Mot1lunisai 4.5 HudeyanisensovesuSimmaniia Famsveasoiiliogaea
- == = e - 4‘ 9 A
jduuune o1vvzvealuiveasovesuitm uieoresldvealunseasodrauon Favsdes
‘ i & 2 ) ‘ B e
@omldnoiu@y e ldsdawiTnavadasaussdonnseri 1aiun lauuunilaviniy
1Y ¥
W52 uAazAN a1 oTUs oy IdioansasAuminiu
P ay o 1 =Y ' [ 0 o
nndoyalumsisivsingiesinldhfifiadoyadiniateg 2 slinivide wuy
- [ as A 2
«o yagdnuuude 9 Taoarumuionda < szuaeaie msTuinmszite s nd
ﬂ ﬁ' - ot 4 1 3 i o o awaw @ - ar 2R
Wudsvudenismseoauvvlauuuniamniy - uddmsunsa “7 uemenede liinisiudin
4 = ar o & 3.2y 1 ar ' [
Faovimsiuniniueunndldds luitiuaasinzldduduaunds hidlsa - vindeyaman
4? = s L Ll L = - ar 4 d& 4
tvziimstiuiinngdededu i TauiFund) Exclusion Constraint A3t 4.29 Fafl inToamune
- ) ) & = oA =1 o &
“x” niemnumaTnadulszyessznInlsa Jeeziinnumnedfemalimstiudindeya
¥ ¥
voaminauly 11 udrezdeshifimstuiindeyaveaminauly 13 Sanse dmiugui 4.30

naasgduuulaona q Wludnowaz exclusion constraint

1 - e . 4
M3 4.5 1aAIToYaN1I90AT VDT HNUMINTI

Employee Gender Parking Parking
bay claim($)
Adams B F Co1 -
Bloggs F M z 200
Collins T M BO5 =
Dancer S F = 250
Egghead E M ? ?

————



<>
rl
4>
Gender r2 K
(code)
\ r3 - ivioney
<>

($)

'
=4
21‘714.2') uaa laoziniy conceptual schema diagram Y9IR15N 4.5

rl [For al ‘states of the database:

pop(r1) (M _pop(r2)= {}

\ : No a is recorded to play bothrl and r2
2

3ﬂﬁ4.30 LA exclusion constraint

Subset Constraint

vndetedeyalumsnil 4.6 Fuiludeyavesmsiiudwessouazmsiuaudy
50 Tavfisoudazduszlfamadouduieson vindoyarsdunaldsoudaziuiidh
vodlduawau  uazlundazaumusailudwessalanawiu nindeyaluatsie
amnsoefueidhddusmiuiuiudeaiiudvessa udidiwessahisuiudeaiiuaudusa
%aﬁ:nﬁu'lﬁ"in’l’w,mfﬁﬂﬂﬂm?aﬁmn151Tuﬁan1’fauma1umiﬁmm:nﬂu%’mcﬁmawﬁﬂ
anuaamsitiudivesso #ammmngi’faﬁaﬁufﬁuﬁ'ﬂymz"i‘l’f’sﬁ'uﬂizﬁﬁqnﬂs'ﬁ'mﬁm
Taod Widnuihuplulosida i519zEonnoumasusiiii Subset Constraint  dm3ugaluny

12 9 T/ ludnwaiz subset constraint nansdalugy 4.31
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M3190 4.6 urasdoyavesmsiudvessonazmaiunudvsn

Person Sex CarsOwned CarsDriven
Fred M 272NCP, 123BOM 272NCP, 123BOM
Sue F 272NCP, 123BOM 272NCP
Tina F 105ABC 7
Tom M » ?
rl
A Forall states-of the database:

pop(r2) < pop(rl)

For- each a:

2 If 12 is recorded then so is rl

3ﬂﬁ4.31 LAY subset constraint

»
s

TUABUT 9 : ATINABVANUAUYIEDS conceptual schema 11 im0
5uﬂauﬁv1ﬂu$unnuqnv’hu’lumsaanuuuéman’r’agn dmfumsmanludu

apwiufivamsiuesufinovesiunisasvaetanuianainfionszifaiulugae

'umm'saammmm:ﬁ’nmsuﬁ'lm’fagamfinfu"lﬁ’ﬁmmgne’fm dmiumsiadunoud

dsznoeulddemsiie 3 guluuuifo

1. MInTIABUAUAIBINTOYD

% mmsmﬂ'nuq?’ﬁ’f’awaaﬁ'aga

3. MIATADUTUGATIIY



UNN 5

L

M3a319 Data Structure Yo3g1udoyaiiaing

Q

5.1 luai¥a¥ng (Object Modeling)

o ar ] v o U o aa
UOﬂmﬂﬂTUlﬂﬂlﬂuﬂﬂﬂmSllﬂﬂiiﬂ‘i\?ﬁg'l\!ﬂw}ﬂ?'lﬂﬂﬂwu'ﬁ?-‘u"l'l']']\! ﬂﬂﬂlﬂﬂﬂllﬂ:llﬁﬂiﬂ?

o ﬂ: - J i
ll'ﬂ:;‘ﬂ'liﬂiS'YI'I'V'Ilﬂﬂﬂu1ullﬂﬁ$ﬂﬁ’lﬂﬂﬂ€ﬂﬂﬂlﬂﬂﬁ

5.1.1 eovionduazamIa (Object and Classes)
Objects
- a9/ & S e o @1 et a 4 : L4
imsléhuFesentenanudsinime q  Taghilmwdanuduimieetiond
- A L] : 1 a oS A - 1 A de o
MNIITIU N NIAz U ISt davesBnnqunileilianysyadio q fulaosey
-~ s - o 2 A - 1 ﬁ'
1¥emliondBuumud (Object Instance) Fun1sdradfiaiude q doa unzdaBadanguieves
nadw 9 fudussdundnaia Taglugin 51 smbunsuansmsudnyassinana
uazeotiangd
Classes
o a - 1 o alies wa s as Ll T
eoindnaraeressiinguuesonndninuaudAnds q Sy Fretiauty

person, company, animal, process 1182 window 1HiIAAS person ﬁmq IQ iazdimsiianu

Object Diagrams

Person (Person) (Person) (Person)
Joe Smith Mary Sharp
Class
o
b
Objects

UM 5.1 uamnmmuazooiond
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5.1.2 UeN317 (Attributes)

b
ueviiuduswesdoyaidiueeriondlunma i name, age iz weight Hunensin

o ar
4090011906 Person ARzl 5.2

Person (Person)
name:string Joe Smith
age:integer 24
s - /
N
Class with Attributes Object with Values

8

3N 5.2 urasueniinuazadoya

5.1.3 Tenlesisiuunziumsen (Operations and Methods)
Operation tHuiaddunionisinldoupilavoetiondluame din3ulunana company
o © ar = =]
i operation Wuhfo Hire, fire 1122 pay-dividend dmsuluna1a window 923 operation f)
fio open, close, hide 1Y redisplay
-t = o ) el - e = X
nsmmnzﬂn 5.3 UNANUANT Person UUONTLI name 1A age QY operations (i
changes-job 1182 change-address 1% File 3 print W operation d1iventliana Geometric

= o
3 move, select 1A% rotate 1w 101051541

Person File Geometric  Object

Name filename color

Age size in bytes position

Change-job Last update move(data:vector)

Change-address print select(P:Point):Boolean
Rotate(angle)

31U 5.3 uaaslonlesisdu
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a d
5.1.4 Imamasgeneethondiumsis (Methodology of Transformation)
1 ﬂ’ -l L = L - a
TudawflwduidioluszdnlSyguenvenindnmluuminds  Swinbume
Uszimseomaside  dsenihuitwannmsuuy Tnseadeetionddassiumsaia object-
oriented THog1uz1 Inssademssves ROBMS
) - . 5 = ) s qyﬂ
WA NAA UM object-oriented T18g 4 VR TIAD
1. L1V Object 1R8I 9
2. U inheritance
3. WUV nonhierarchical relationship

4. 111 aggregation

215D um?mﬂ1's'ﬁnmﬂ?jaaaﬂmﬂﬁafs’uummi’lumﬂa (Mapping Object-Oriented
Concepts to Tables)
Mapping the Objects
luudazamavesootliond loisvana lumaasainsiniasgy Tavas e 1dn e
snvesp ey duius  Anuuand1mdn q voseetenminfias. ausadmuadtld
Taomwiz ludnyai unique identifies  JuvarA e adun sz iawain 9 AUANTIZN
N3z 14910M19 primary key
i) Object Identifier
luszuy object-Oriented  Tavoniliondvzonyanadradalnomis unique n1vlulne
Object identifier "lziﬁuagjﬁ'm*iwaq primary key ’lunsﬂﬁymu‘luﬂma'lﬁ’ﬁmﬁf'imuﬂuaw?
faudr Taonsld unique identifier c?q'msmxﬁmuuf’:'hiﬁﬂfym“lunmmﬂ"l1lag"lu;ﬂ'um

o w  da - & @ '
MmIRAITiudwaalugi 5.4 dafludednlugiaad STUDENT

Object-Oriented Model ---============ -> Relational Table
STUDENT STUDENT Table
Number Number| Name |Address
Name I

Address

Primary key : Number

' b4
314 5.4 uamsnsunseetlnnmiiuasa
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1 o a (7= aqy { o i - = :
et lsinwluanuithiniudreerond lisiuensdafivimedriidiu uique Tunsdiiozde

iiM3sfimua unique ID HAUoBIAGRA717 5.5 TaouaasiietravosnaId PATIENT

(  PATIENT \ PATIENT Table

Name ID Name Address DOB
Address

DOR

Primary key : ID

i ot o i = @ o a
3N 5.5 uaasmsundYseerinnd lumalumsadsanuduiug Tasfinmsiity 1

ii) Class Partition

[ d = s aa ] il
ad1elsnawmsnguitszdninimvssnadrdemisisentiondluaaiaotssiiuly

" v ¥
ANy partitional horizontal W3D vertical #9317 5.6 uazgR 5.7 dredrafi

ID Name | Course ID Name | Course

Frequently|| 9051233| Grace | Computer | |9233444| Johnny Engineering|) infrequently
Accessed 8976222 | Linda | Business 9233555 Vision | Art accessed

Object 9122333 | Janet | - Art objects

31.[‘?] 5.6 LLAY Horizontal partition

ID Name ID Course
9233444 Johnny 9233444 Engineering
9233555 Vivien 9233555 Art

gll‘ﬁ 5.7 L&A Vertical Partition

k4 a e
5.2 99NUVUU Data Structure 'IJB~1§1H‘|IE)‘J‘~.IQE‘IN'WIQ

a = a1 : 1
114ﬂszmumiaﬂmmummﬁ’ﬂyainLsnﬁwﬂ'ﬁ'Jmﬂzmwwi’x’ayauuﬁswamﬁvﬂﬂma

HL &t o e o 9/ ‘i‘_I ' vl 3/ & 3 g 9/ = A N
3 uazummﬁnwuwﬂwagm HBUM LT "lS\‘J"U’E]Uﬂ‘NIﬂ?x‘lﬁ‘i'Ix‘l‘\!ﬂﬂ§1u‘tlﬂl‘{mflﬁﬂﬂ'ﬂ
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i ]
a9 o

database schema i’:vzqnizu'li"lummfi”a 7 1 wenvniifihimseenuuugnidoyasydl
anwilonieziSmihmsWannafnhlaeld ER nie Object-based model HAMIMILAY
afunildoglugiues relational model tofivsshimswanfhunioaiioludude lgauaas
Tugilii 5.8

Object-Oriented
DBMS

Ideas Relations

/ \ Relational
DBMS

P 3 ©
iss  uaasTumovesgdoyanayaszuansiiem

d [ F
5.2.1 AU ALY ODL 111838 (Introduction to ODL)

ODL ( Object Definition  Language ) gricuolfifunmunasguiie1dssylnss
afvesgudoyaludnumy Object-Oriented  misfimeznssiilaon gy C++ wio
Smalltalk

' 4’., 9/ - % s = o k7

WAYINOBIAUYDT ODL AOMI0BALY Object-Oriented Inomsdoruiiugiude
yaudnimsuasTasassldegiugdvesssuumsiansgudoynunussiiondloSounn
(OODBMS) Taveril C++ 130 Smalltalk (Fun1y1Wug L (Primary Language) 11+ ODL 9z

o = i at ) & v
donihimsutasluifunmnlanmmilsdsit1&ndn 3hedusmli so

ODL C++ based
/ l
Abstract C++embedding OODBMS
ODL
ODL Smalltalk based
g
Smalltalk embedding OODBMS

3N 5.9 uarsmseenuuumsavuiasguuuves obL
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5.2:1.1 mieemmvaaﬂmnvﬁaﬁuumm (Object-Oriented Design)
N1398NLLY Object-Oriented 1 TanvosnnuiilussevziuTumafinanasludes

. ¥ . 1
pothod Taodunafilondn drodugudszansuia q 1 ewvsinde q dueewnd

a

U Wertuvesmemsiu nangasludnede o1ms Wudu

Tandnfsdmuanguuesserivdluginaa Alguminiands q fudegi 5.10

4 a A @ L4 3 ¥ e = o ' -1
FunnnaneInueslnduazaamiu lugwdeyasziohilanuddy  edielsAnns
: : = o el vad ¥ o ded a
ﬂxﬁﬂﬁﬂ ODL object—onented demgn Li'lﬂi]%ﬂﬂﬂﬂﬁ]ﬁlﬁuﬂﬂ'ﬂﬂﬂ"ﬂ # ﬂuﬂ]ﬂ\'lﬂﬂ'ljlﬂﬂﬁﬂlﬂﬂ
¥ v
%uﬁluﬂmﬁwummumnmaﬁu 2 "iJ‘IJLL‘Ll‘Uﬁ'EJ
a ' 3| = ) s =
| LLU?ﬂﬂTﬂﬂLLﬁQﬂ'JTH&ﬂHﬂﬁﬁﬂxu’“ﬁuﬂ ob_]ect U3 class 'i’lﬁﬂ'.l'lﬂﬂ'g'lﬂ‘]
a o s = 0 &
AW AIHIY - instance ﬂmluﬂqwmgﬂﬁ’wmﬁmmﬂuwm class QY
L - et 4
UFagon class Hud

v
2. AUTNIAYOY object 11 class vzABAldnYUzMiloN 9 fu Yssaasiez

a

a 1

s ¢
fAanealinanaisnnesa

acctNO

balance to Customer Object

toOwner

Account Object

o

P < = [ -
UM 5.10 uaraseetinndifai s

o

MIVONLUUARIT ODL  (11ansoosusquantia g 3 Uszinndaiiae
1. Attributes Li‘luqmﬁuﬁﬁﬁﬁ?wgumn integer %30 string  JAgTueN3ia
T type &u%z"lﬁnuayfluﬂmﬂ‘lﬂ 9
2. Relationships Hiunaiantiafis1dedeontiondlunenma w20y lugy set
3. Methods (iuilsriduiionsziimaszgndnisldamvoseatondlunane
A9 9
Interface Declarations
msdszmsmmialu obL Tugduuudie  figaezdszneudae

1. keyword interface

2. ¥9UDY interface 1Y AAA
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ar

g o a e P s ::‘dd
<1 'J\?Lﬂl]‘ljﬂﬂ'lﬁ?ﬁ'iULlffﬂ\]?]ﬂlﬁJJUﬂ‘Uﬂ\‘lﬂﬁ'lﬁ FINUTUVANNUNAD

attribute, relationships I8¢ methods
o ' 7 = e e dyd
A0t i lumssena interface TanuuzAsiife

interface <name> {
<list of properties>
}
5.2.1.2 4BN3111 ODL (Attribute in ODL)
c.ny =1 et = ar o 1 1 L4 =
wonsiulunuaniAnvetuwdnyuzveoatond ety 001)i9nd Person ¥4
axg 4 | b 3 (4 @ o : =
viluenstautlude Tauidl type ith string uonINTIBRYIING Person St 1118 v 5ion

A £ P = > o o =3
T udu birthdate F9923 3 integer WUAAD year, month HAZA day

LI N
1) interface ‘Movie{
2).attribute string title;
3) attribute integer year;
4) attribute integer length;
S)attribute enumFilm{color, blackAndwhite} filmType;
3

gllﬁ §5.11 UAAI An ODL declaration of the class Movié

Y [ - = " o o o 4
nindedeluglin s wwuldhnnusnien 1) dumsdssmaiesara ves
+ =1 2 P y ay @ A =] 1
Movie 1ngil keyword interface H39£3in3 1414 ODL HoFdna1a vnussiail szfiuig
—a . o aay 3/ as o @ a ad o o
LHBNTUI Y83 Movie NIHURA 4 LLBNTVUINWNU Tﬂﬂllﬂ‘l‘liﬂ?!ﬁﬂiﬂlﬁ‘i“ﬂﬂﬂ 2) Ny title
& - St o e o |
93 type 11y string uaz ueNIMIa0IRAe year Hay length TUUS5IA% 3) uag 4) M
o w £ o o o o ad - I~ v y
AU BPITIUIVUIINAN 5) fhueniin fileType i type 11U enumeration ilaz¥evDq
5 = 3 @ o . ¥ e clyd
enumeration A8 Film anvuzeslinnalunaiaves Movie IIsauaas ldaatife

(“Gone With the Wind”,1939,231,color)
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(3115055 YAMIAY0A Star 14 Tay
1) interface Star {
2) attribute string name;
3) attribute Struct Addr

{string streel, string city }address;

5.2.1.3 ANUEMRUSIM ODL (Relationships in ODL)
v

ﬁ'}ﬂ’uﬂiﬂ!.!.ﬁﬂx‘iﬂ’ﬂllﬁllﬂﬂﬁS”H'J'Nﬂ‘ﬁ’}’s'f Movie I8 Star !'i']ﬂ"]ll'liﬂllﬂ'ﬂx!ul Q'ﬁﬁﬂ

relationship~ Set<Star> stars;

]
=i

obuwldhluugaseeisndunenais Movie ~vzilvznoulydan et 7d 9149909001
Hlﬂﬁ' Star mmmmmsmamssumw stars ﬂUi’JSﬂ relat10nsh1p W8I stars umﬁt’fﬁi"ﬂ
<Stars> 92384 4tdrs Taudadudnveseoiond Sar Fiknnand 1 oetions

Tugiuumsmumwsianng asuauins 185 namy stars nsoduaue laoaassie

3

e A .
¥onyl1fseotond Str Faoorvnd Star o199z i ingnumenmatelueoliond

Movie

5.2.1.4 M3MBUGTaANUTIWUS (Inverse Relationships)
ﬁmwﬁnﬁ1n15§yﬁqnm§amias:wha relationship stars Qg starredln  TAouNUfi
'luamnwnauiﬂsm151J's~mﬁmﬂﬂunm inverse 118z #0v04 realtionship % frelationship
B agluinsdnvemmaduudus s aig relationship. lauld¥ovosnata udanmy
dunTomurwlnaoy - ozioves relationship
A20814

1) interface Star {

2) attribute string name;

3) attribute Struct Addr

{string street, string city } address;
4) relationship Set<Movie> starredIn

inverse Movie :: stars:

i o @ o a a
N 512 wamnnuduiusvesnme HaLdUAT A Y04 Star
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s

W " ~ i = o " ' e
vndednluglit 512 Tdghussviai 4 eziu 1@ limosszilseme relationship

starredIn LIA833) inverse Movie :: stars

ar d
5.2.1.5 ANUHAINHABVBINNNANWUS (Multiplicity of Relationships )
' n’: - v @ da a ag ar o ﬂ Y =; =
vsgAsIaANuauRUsnavunvestendvziluludnyuzifer 9 wSeorvniiu
ar o @ ar o 4 ' o o [ dy o
anagANNduiuzivestinnddug 1nnd 1 eodind dmiy opL fwszymsiau
¥ 1 o ar o’ = 4 4
uuui Taoms lamso 1y set Tumsysemadannuduiusninatuld Woisiiins inverse
wwa’:&d - aru';da ww(&;‘ - a =1 Qs
v nuduWuS Fedl 4 jrluvuidu 1R duife anvduiusiduuuuiiiemafioatu

L
s

i
fifsanaiirma uazgavhoifedfemien limousy
CPLIAN
1) interface Movie{
2) attribute string title;
3) attribute integer year;
4) attribute integer length;
5) attribute enum Film {color, blackAndwhite} filmType;
6) relationship Set<Star> stars

inverse Star ::starredIn;
7) relationship Studio ownedBy

inverse Studio :: owns;

i3

8) interface Star {
9) attribute string name;
10) attribute Struct Addr;

{string street, string city} address;
11) relationship Set<Movie>starredIn

inverse Movie ::stars;
i

12) interface Studio {
13) attribute string name;

14) attribute string address;
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15) relationship Set<Movie> owns

inverse Movie::ownedBy;

3 5.3 uarasamalu ODL nazAnuduiug

@ ' P =] oA 3 o o
nnmedluglin 5.3 dudussiriuldhiimsdszmanaasion 3 ama Tuide

Movie, Star, 4@ Studio "Lﬁ’?“f’amﬂd1xsaw?53ﬁag1uﬂa1ﬁuﬂa Studio Saudvziidemitousuy
R type uAnFaRuNI @ ideT1An

dmiuluysivai 7 5smuh relationship 1114 ownedBy 910 movie U studios
dM3V type Y04 relationship Studio hitllu Set<studio> 151921520118 Iuudas movie 92
Ty studio o ung invérse vounnwuduiugszoyluussian 15 41 owns uniw
FuWusi 18910/ studios lu-movies | A type ANUANRUT Set<Movie> 713 Tnousiaz
studio 7iil owns lunduues movis -Fanaiioweadiu o owsaii g wiee19928 movies
$IUIUNIN 9

= ] 1 AT e @
UnuvueInIsifia inverse. s u3onn multiplicity vosnuFURUS 955iog 3 UL

« o

o i = 4 a
1. A many-many ({JunnuduiusnnAaId C fnaa D niinguues D Meauilesiu
= @ e { 4 ar i ar ' 1
Tuusios ¢ ozl inverse ArwdiusAdunguves ¢ Fuattostuluudas D Frograsuy
as ' -1 4 as a
1NA061 NI 19T stars TdnuoE many-many 2nAmE Movie Eenand Star
uag starredin ity many-many 970 Star Tuéa Movie
=‘i o e o a i = = o
2. A many-one thumuduiusnnaaie C ludeaie D luudaz ¢ 925 D fuada
= T s w o ' - ﬁ' s 1 o/ 1 9/ .:{’ 1
7 ualuanuduiuivengy C wifvutiosduluudaz D vindediedhauuiing 12l
1 o o 2 @ A o o i @ o o
1 ownedBy (uanudunuinn Movie 161 Studio WuRES inverse VOINNUFUNUT L
a @ W d 3
rflu one-many 31NAAN D Tdanara C UaZANUANNUTS owns 921 UL one-many 910
Studio & movie
I~ ar ar o ar — T =1
3. A oneone iHunnuduiusninema ¢ lUinara D Tasfiuday C =iy

¥
@ aw o o

o o =t & o 1 o‘: % a v ]
AUAUSHY D eanila@oauiniy uazluns inverse Anuduiuti s as D 22iinu
o

s = ﬂb =}
ustneantuaslu c

28

¥
nemg : msldii “unique” sxldnumed LIty “one” Walu many-one

-
H3I® one-one
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5.2.1.6 J5249MU04 ODL (Types in ODL)
giimseonuuugudeyaiimsiouegduuuves ODL Tildnuaeagefunin C
' ) a y { ; n‘: y
i lufmiloufugUuuuamemalsunsudu q Taogduvunededminadansiniu

Z
g I muaiuindaeiiuens uﬂamnuuau"luﬁmﬂmmmi'mm pafilsznou
L N
= =

WHJIUYD3 ODL HAiifio
1. Atomic types: 1Aun integer, float, character string, boolean, 8% enumerations
2. Interface types 19U Movie 130 Star UAZIZIMIUWTUD types FadoTuily Inse
adafiuieSezszaen louonsiouas relationship ¥4 interface

b

v 3/ S o AA
peAUsznoUve lnssad e type xiidiing
Vv g =2 LN | a 1
L. Set 81T il type 109 IR Set<T> aS1iernafa type miiaguiuandneg
Tu type V04 T
9. k4 - ety = =
2. Bag 1 T 11U type 1A 9] U2 Bag<T> 9xudnsa type 7131 bags W30 multisets
= a 1 = { 1 = ] oy 1 (1- 3}
YourBnlu type T #rathen1ainia bag MNnnd1ve W {1,213 Gy bag 1a 13019 set
T é’ U 4 :
312 1 1U5IngunIInnImitensa
3. List 0 Tl type 1a 4 0182 Lis<T>981aneds type A S0uS S aReilo
v
WuguinSemaniiiuddegiuminFoves ype T
v . e . ¥ - qydl
4. Ay Tulu type g uazi Uiy inweger~ ud9 Amay<Ti> 9588
type YBIMINTNOLITIVBITIIFA i hitype T Aa801am Array<char 10> vzuERIRIIIEa
L
onyINAMUL ARse 10 A28nYs Ty
5. Structure 01 Ty,....T, 48U type In quaz F,,F, | F dudevesilad uda
Struct N.{T;E,, T.F, ... F.T.}
o DA & 2 & "
10 1994 tuhfe set, bag, list, DY array 92150071 collection types  HIANTULANAIG
TEUINNQIALINY type DN AT UNDILONTT 1az relationships
el ; A rd Y "ﬂ ¢ 5
- type YDIUBNTVITINYUIIN atomic type w30 i Iﬂi\‘lﬁi'lﬂ'm uWad atomic type
¥ s : Y a Dzt g ° A e
t!ﬁ’Jl‘i'lfJ‘lili!:;’ﬂithﬂﬂ collection type 1mﬂmflummuﬂu atomic type Hiﬂ'llfﬂl‘i‘_luiﬂﬂ
afa
- type Y94 relationship wituy interface type w3e Ty collection type laviims
Uszyndliily interface type



4

5.2.2 laezunsu Entity-Relationship (Entity-Relationship Diagrams)
Tunagudoyaiifanuasiiunniindedont entity-relationship  diagrams ¥
Fydnuelinilousudu opL Fufuiini object-oreinted dmsvlaezunsuiuy Entity-
Relationship (E/R) vziipansznoundn 4 oy 3 edramilousuduiiily opL suide
I. Entity sets Gaihumilousy nara Tﬂuﬁmﬂﬂmuﬁﬁy%sﬁﬁu1§ﬂtﬂuﬁ’ﬂymz
nquriiaeudn miouruidesuivosiinndly ODL
2. Attributes 15umsoTuiodnyuzvosrineuRi Fuwilaoudnninatuely
E/R iz ODL §i winuInnuAamilou q fu
3. Relationships 1Humsiendimiutsenisineusns 2 ¥ilAOuAR MioNIN
ninin gy relationships 114 E/R ﬁyﬂzﬂﬁwq AUNY relationship 14 ODL
e
@ TuER Tuipa vwildoves relationship (REIHTIHOTHAATUIIN D ITE
N3 ‘1umam:ﬁ ODL L’ﬂﬂxixuﬁljd relationship I8¢ inverse AIDHIUYY inverse relationship
Movie :stars l1g Star::starredin
(b)- Relationship 11 B/R Tumaawisadissudadaesminninas e
ouAn luvash ODL 9£ 593 relationship 86143 NAT0INA D
froo1gtliny ER fifimsiueuenvaz@uamiloumidy obL 7 1¢nd
wrowhil Sresfinduvessiaednihy Movies, Stars’ 0 Studios (5192111 18 13evnq
ﬂ’cjwﬁmauﬁﬁynznﬁuﬁﬂym:WﬁW%ﬁ TuvasfinmmisensassiiFodhidiotonnon

@ @ G
\

Movies : Stars

Studios

4 @ e o 4 z = 2
3UM 5.14 uanan it Entity-Relationship Y033 114403a movie
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Vv
'D”Iﬂﬁlh’l 5.14 ‘i]“‘lﬂuvlﬂ'.]'l‘ﬁuﬂtﬂuﬁm Movie 14 Hon3un L?fulﬂU'JﬂUﬂ‘UﬂﬁTﬁ Movie uun

o v : ok .
fio title, year, length (10 filmType uanmnﬁnzmu‘lﬁmwm relatlonshlpuuﬂﬁﬂ Stars-in1¥
doad 3 e : : i
ﬁ"JuﬂuazEUﬂﬂxﬁuwmﬂu inverse UYD4 relationship stars (1A starredln 910 ODL iy

AR Movie UAZ Star awddy dmiuluER sziiuihnauduius owns Tugdfhamy

i %sﬁnﬂua ODL ‘mﬂu inverse relationship Movie::ownedBy (182 Studio::owns an

lf

ﬁ'immwumeumm Studios 1113'1]mwuumﬂmwmﬂmma“ movie szgnifluidiveslan

studio mmmmu

5.2.2.1 ANUHAINHAWUDIANNTHWUSUVY E/R (Multiplicity of E/R Relationships)

=

mmﬂnu‘gﬂﬁim.,rf]umsuﬁmmmmﬂnwumm‘umnmmuﬂu"lﬂawu,ﬂm ER
AMATUTITY many-one vnwiaewAn E Tliesiinend F uds (5192 UAAINIQNAS
w o it 1 a ad @ o A 4 o a ade a
WdsF goesiidlundazsilaeuaiues B ssduiufitvmilidnvossiaouiatusin
Aq’, gy ¢
OUAR E 19
mnwanmwaqmmﬂwumnm one-one TEMINVIAOUAR E fiaz F uve LQnUNY
fidaoriagnasite £ liay B @0thamu Aiinonuia Studios 188 Presidents uanelddalugi

!l

5.15 iflo

Studios . Presidents

ci ar s o
3UN 5.15 wananIF@TUFIUY  one-to-one

5.2.2.2 anudaiusuuunaedumiaition (Multiway Relationships)
Ted L5 é o g
JWuvver hitinnumiloudu obL dalu ER Twea aunsaildazainieidlay
o @ a o s [ Y a Y v g ar
MafmuanNuduWus wiudanhaswiaeuan  tudfevudlulusnyus ternary

[ 3
(three-way) MIDAMUTUNUTUUY higher-degree AR89 Tu31N 5.16 419a79i]

Stars Movies

Studios

3N 5.16 wamannuduius ludnuazuuy three-way
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{ o ' o o o %
1In3U7N 5.16 vziu lANANUFUWNUTUDS Constracts 21)5zn0v 11890 studio, star WA
& v @ da n’: o 1 a ' 4 a s o & =
movie IANUTURUTAUTANTUILIAUDN studio ARABITOURY star IUSNYIZATE TR
¥ g v
¥ulu movie Tawnid 9 ldmvesmudmiusly R amwsofzin @ udiuanuduius
- { o o o a o ' o = 4 o a
voanula  (wple)  WilesndsznoudunnuduiutsznieriaeuRnnnay g
= s = = d‘d ¢
Contract 11309511014 Iay 3 e AlgUuuvAe

(studio, star, movie)

5.2.2.3 UNUIMWINTIUANNENTUS (Roles in Relationships)

(=1 yai o a:uy ~ == n‘.o’ =} 1 us:
Wuldldnadaeudala o amnsansringdimesasmseunnniniyluaiy

o @ o =t

o o = b & s oo o - qﬂl”d‘l
AUNUTLUWAYY 9 MNAFUMwAIETna1e o iduninanyduiusifer lUSiaeuaasy 9

-

ﬂl 4 1 Qs - =1 & o 1] é
FuwaziduNiFouneiuTineUARILI LA UBANALUANATIYDA role - FIA113OLAAIAIY
' v v " ¥
FURUS ARV UAUTTAOURRAIAINT 5.17 S19a19

Original

4

Sequel_of Movies

|

Sequel

. o

U 517 uanalsaluniwduriug

o 1 o w o ' - aa’., o ar
nngUaziiug 189m a8 U T Sequel-of sEMINTIALER Movies HazAuee lae
1 L. 4 % = o & A 1 .
Ll%’lﬁ:ﬂ'ﬂuﬂljwuﬁ.’ixﬁ'ﬂﬂﬁﬂﬁ-movws HGUHUQYII,{JH sequel MNANUUANANNVOITDI movie
& e - =) o e = & '
Tuanuduius laodl role iy Original ~ t1a2®n role Mty Sequel vziiluldhnana

@

duWus iy many-one 910 Sequel Mty movies Tds Original U movies

4 e d
5.2.2.4 uen3IUANUTWUS (Attributes on Relationships)
{ o 1 1 q::’ H 1
vngii 5.18 laezunsy ER ez ludiuvesuonsia salary Neguunu
o w o o = qu 2 4 qc’.‘
TUHUTYDI Contacts 13198MMyad1udusiiaouARd Salaries H9 salary (Fuuon3in

¥

dy = adaa o @ o ar
Ao Salaries TagiluyilaouAdng AT NUFUIUETY Contracts
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TS

Movies W Stars

I

.

[ o
31U 5.18 uermwensinluanuduig

5.2.2.5 @UAaIE (Subclasses)

' SO o o A ) wa e =y a
vauniamdezyssyesdiona - wundesyliguauaneei lidhuaungnly
i 4

Aniy 7 wmuhmsmhenlunaaiisnrms e Junana (subclass) FaasTidnumy
YN Ay relationship ﬁﬁmyﬁuﬁﬂ"m:ﬁmsxﬁuém'zuﬂmﬂifum #M5U ODL e
anudwiveiinsdsemaludnuae funmd
Subclasses in ODL
NIBUsEANY0L  movies ity halugmdeyaiudszionie q Wy
MEQU WAINTIY MIMR - wieuuuuaTin (ud Furazszinnves
movie (NaNNIOMMUATIuTURATAvEIAAIT  movie 18 TuRADRIMUARA TR LL TS
amaliifly ¢ udaiirduaammiiu D Taofimsdsenmede c amaunseamolnaey ()
uazde D
f090719UTY
Usgmali Cartoon Wludunmaves Movie tag Movie 15l superclass D4
Cartoon Tugtluvy ODL iiudsiide
1) interface Cartoon : Movie{

2) relationship Set<Star> voices;

3
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5.2.2.6 gumniansoeneanudnyuly ODL (Multiple Inheritance in ODL)
Tunmanils q owsziiognate q Fuama dagili 5.19 Tﬂuﬁuﬁiazﬁmmmzﬁﬂm
auliAmeneauInn superclass
Movie

/ \
Cartoon MurderMystery

2 4

Cartoon-MurderMystery
U 5.19 uaaslaezunsuuuumats o inheritance

5227 auamalulaesunsuuuy Entity-Relationship (Subclasses in Entity-Relationship
Diagram)

aaalu ODL ﬂzlﬂwﬁmauﬁﬁhugﬂuuwm ER Tuea suudhaae ¢ dudy
Amavesnad Do udavziealu BR Tuaa 1891 anuduiusiide s uuesiamuss
sMInNAMIA C oz D lassgiunnuduWusRiesiizonin isa 5rmnsns@oudas
anvazilunae (boxes) dmSuiuriiniouRnves C ok D_laofinensiala 9 %30
anuduiuila o fiduvowiineuia ¢ RlddeuRasesuntos ¢ wonsiafvzifue ¢
uaz D Tavanmgansegi D

isa sziowludnuiz plmumaouiif S agassnaevesgtlamon  Fail

YiuLeRvesT M AuNIZIhigATiFeusofy superctass faluzulit 5.20

Movies /

Cartoons Murder

Mysteries

31 5.20 namsnnudiutanuue 1sa lu'leozunsy BR
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5.2.2.8 masemennuanyzluuuy E/R 1na (Inheritance in the E/R Model)
UANUUANAIITZH UIAAYDY inheritance 14 ODL n3olusavinndloSouan
o 3 & -
Tueala q imw s2umalu ER Tuea % oDL sovinndvzdeadiumndnvesnaialanaia
& A
nilaiiuou
o A s ad"é a nd‘.’ei 1 &4
WER Twea sezmuhilyiiaeuaaneivssdusiaweudaniiudumiiaes isa-

z a P = & - ' = i e L, 4%
hierarchy (AY7 9 Fevzlionilsznovirendelugivosriaeudnine) q Tasaodnd isa

5.2.2.9 Iulﬂﬂﬂlﬂdﬂﬂﬁ’fﬂﬁQﬁu (The Modeling of Constaints)
. ¥ ¥ 3 . ¥
Auananduneniiiouag relationship 1iutislu ODL waziifinisldaiinouaauay
v v
relationship 1w E/R Twaa_eindunariiviimshiaulasmsugaiudes q dulumeald
' P g/ [ ﬁ o 1 U nyq a gy ' (] o
otels Fuszaulylassadududuiwnnnnda eamariiinsfeduediels odlss

S o @ 1

aweziinuauianddyuwensis liowsasans il idnmanuiueia Tavi q
= -4 Ay @ \g [ = g Yo ﬂl:
lswaziBoavesdoyan I ldiusziudnyarues constraints filddmusaaa  uen3ia
1A% relationship
s o -Z Vet o ;dl
AUANHULYDY constraint NiFHaIUAD
4 K SWEX ‘ e e 'ﬂ \ ¢
1. keys Fuilunenstimseilunguussioniinneianmily wique vosoevinnd
-~ - c:ua"‘ U = qay b 1=y o
muluamaviovessiiaenaanislunguussriineuia devs hifiaseorinndly
d. = 1 d‘ -~ @ 1 ' ﬂ‘-‘ul’
nad Nozlimnmieunuluimaznguyeensin
= - A 1 a 4 @« - o U
2. Single-value -constraints 31NV role ‘mi‘.lu unique Tﬂum'lﬂﬂmmﬂmmawm
single-value constraints
. 3 ; . Y e =t et 1 a
3. Referencetial integrity constraints (Humst1edeTaefivnseoriondniiogesslugm
g
Yeya
| R ] .
4. Domain constraints (umwesensianasudoumnnamsszysmiovouaiszy
- o C; o ;
S. General constraints (iuMsBudutsnume lswmdimuanginuaivumn idaunn

v
ABINTI

5.2.2.10 At (Keys)

.
ar

o ' & & i ' d =
TuopL Agluammilunguues K Fueiivilenidmiomnndii siufaoesd

e

' o Ld ' - ' 1

ANUUANANAUYDIORUINA O1 uaz 02 Tunmia O1 uaz 02 himwnsoiise sy luud
qu ad o o = d o 1 P =

azueniinluAd K dmivlu ER Tuea Advzmilousundazamassgnunuiidlosiaen

nqy o - = qnf
1214l llﬁ:ﬂﬂﬂlﬂﬂﬂ%:gﬂllﬂuﬂé"]tﬂiuﬂI.l"J'lWIﬂ
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Declaring keys in ODL
luobL ﬁwzﬂszmﬂu'ﬁcuan?ifqﬁ'%'amnn':'ﬁy’lﬁsﬂuﬁtﬂuﬂawﬁ‘lﬂu‘l-if’ﬁcfﬁ'{mi‘lu key
A28
interface Movie

(key(title,year))

o o s N 1 P o
MidsemaRdazAnaiima9InnsUsenie interface nounvziladimnseaving

-1 1 ﬂny . .
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1319 X-TEMP_ROLE

ROLE_NAME OBJECT NAME REL NAME
Item from Country Item Item from Country
Country from by Item Country Item from Country
Item own Dept Item Item own Dept

N —
Dept own by Item —l_ Dept Item own Dept
Item has ItemName Item Item has ItemName
ItemName of Item ItemName Item has ItemName
o
e

#1919 X TEMP_CONSTRAINT
RELATIONSHIP_NAME

RELATE ENTITY

Item from Country

mo

Item own Dept |4

Item ' has ItemName

#1379 X_TEMP_REFERENCE TYPE
LABEL_NAME
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ENTITY. NAME

[TTEVNE Je—f—— [ Tom e
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Country

CODE |g¢ { Dept |<
ITEMNAME ItemName
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LABEL NAME DATA TYPE SIZE NUM
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ITEMNAME char
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A1319 X-TEMP_ROLE

ROLE NAME OBJECT NAME REL NAME

Item from Country tem Item from Country
( < «—
Country from by Item Country Item from Country
Item own Dept Item Item own Dept
Dept own by ltem Dept Item own Dept
[tem has ItemName N—Tlem Item has ItemName
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X_TEMP_CONSTRAINT 11 “mo’ Fatmual¥iflunimduiusiuy many to one uay
dmuald ‘oo’ Wunrwduniusludnuaizuuy one to one 9INAIBGIATI9TET LRI
ahrdinduafuinludnuazuuuia simple key fa3uit 7.11 Tavwesumnidimsasaegh
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lunedmives RELATIONSHIP-NAME TasTHiidaznnanseiy ‘mo’ Tasimssaiiuasly
s A Taoiiwauls adissinautudnuuzvasesisd sufiisineldn A[1]= “Item from
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ITEMNAME char 15
PRIMARY KEY IS:ITEM NR
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¥ v
s -1
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o ar d.ﬁ L A E=Y
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b
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FinuAonanluSiaFuanifunasfdidiunsiFvafd lisnundlag hSaduanuinu
. ¥ 3
UEAIIS ATUANUNIY ) LA AIDINITN Ay TIADUARIY weak
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Aunduaasinnnuduiuiuossiasuaiuniy 9 Hansines N (recursive)
720019 M3uN1a nstina weak 1S suanii

lénmﬁlﬁﬂﬁ‘I\‘I‘I’J’ﬂl‘]‘ﬁﬁﬂi:ﬂﬂuﬁ’)mmﬂ?ﬁlﬁhﬁ‘] fifinnuduitutluudindu
#N11989 BANK (1az BANK_BRANCH
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v v
#10819 M3 nsdlinawsiineuARILLY weak iuaftiinsw

BANK

Code
Name

Addr

BANK BRANCH

BranchNo
Addr

dethe mstanil nsdlRRu A AR weak 1T ODL
interface BANK
key (Code)

{

attribute number . Code;

attribute char ~  Name;

attribute. char  Addr;

reiationsiip  Set<BANK_BRANCH> has

inverse BANK_BRANCH :: of:

interface BANK_BRANCH
{
attribute number BranchNo;
attribute char Addr;
relationship Set<BANK> of

inverse BANK :: has;
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L% ' - o o S = Q‘I =
#9019 M3uuyia n3aiAa recursive 1WuSaduanii
a 9 P qay ] aa o o = o
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#Nu1v93 EMPLOYEE
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ad o o
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¥
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EMPEC Xis

Ssn -

Fname

Minit
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Bdate
Address
Sex

Salary

Superssn

Dno

#196714 rTl‘il,llJlmyq ASWNG recursive x:ju ODL
interface EMPLOYEE
key (Ssn)

{ Attribute number Ssn;
Attribute char Fname;
Attribute char Minit;
Attribute char Lname;
Attribute char Bdate;
Attribute char Address;
Attribute char Sex;

Attribute char Salary;
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Attribute char Superssn;
Attribute char Dno:;
relationship Set<Superssn> has

inverse Superssn :: of;

interface Superssn
{
relationship EMPLOYEE. supervisor;
relationship. EMPLOYEE- supervisce;
}
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CLNAME
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many to_many_l works

PNAME PNAME
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C=Programmer: {PNAME, CODE, ADDRESS, PHNR, NAME}

E=many_to_manyl:{PNAME, CLNAME}
G=works: {PNAME, SW, CLNAME}
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Programmer Programmer
PNAME PNAME
CODE CODE
ADDRESS ADDRESS
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NAME NAME
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D=SwPackage: {SW, M_NUM, TITLE}
G=works: {PNAME, SW, CLNAME}
SwPackage
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CLNAME

1 ¥
300 7.18 uamsnnuduRuT Ve riiaouAR D

o i a @ o o = o @ §
Tuduaoude lzEunnlimanuduiusvesriiaeudn E dagilil 7.19 fifian

v o da a add ¥ @ - = add ° 1w e

TUWNUINUYUALBUAADU 9 1“““13(1uaﬂﬂmzlwlﬁ 2 FUALHUAANNIZNITEU NN UINIUY)
1l - 1 e o Y - kol b 1) Ll LU 9 o = =t
Fanouhz lanawhilsiaeuda Inuthadlanudniusmniy  wwdeshimanSeudiougi



116

@ o Aﬂy 1 a ”l : = J
mmﬁnwuﬂuszﬂu'umuamnﬂmmamaumﬁﬂﬁ’lu'lﬂngﬁ'lﬁummmm'lwi’fﬂhu 90
Qs o a =Y E Y o 2 4 "
ﬂsmumwmwuﬂmum E dnnuduiusiuyiiaeudf B uazatiaeuaa C #11dnam
v - ¥ Y ¥
uaa vm“lu-uuﬂauuﬂv'luﬁmiﬁmszﬁwcﬁféﬂ aariulutudl vwde ldhetiaeuad E Liflnny

FuRuTfuviiaeudala 9 1ay

1 ¥
310 7.19 namenmdniusuosriineuin

oy 1 = : dalilas | St - aa o = ot
1uwnauna"lﬂn%ﬁu531ﬂ1ﬁ'ﬂ1ﬂ11uﬁnwuwﬂwumﬂuﬁm E ad7Ui 7.20 nlinaw

@

¥y ¥
FuRuTuaiineuaRBY q Tiuths (udnvugifive 2 saeuaannsziszr havunin)

4 =
FINOUN n.,.”lﬂm‘lmmwmauﬂﬂ"lﬂumwmwﬁ’uwuﬁﬂuuu 12 ﬂﬂﬁﬂ'lﬂ'l?i‘ljiﬂﬂ!‘ﬂﬂﬂﬂﬂ

v
a1

mwﬁuﬁuﬂuszﬁwm:mw?ﬁ'ﬂuuviawﬁmaum'mﬂu'11Jﬂgﬂ"1ﬂuu1mum°luma"lnu

g ' = e, - o @ dar a | 2| an v ;e -
VNNTUUINUNFUABUAR F  UANANNUSOIUSHAUAR. A N lana1auiuds deludy

v
o

v £ 4 v v 4
aouiive luiin1sviinseagon asriuluanil wieldhynaeuan F Lifinnudunut

3
Aurtiaouanla q e

1 a a o = Ey
3N 7.20 uamsnnuduiusvessiiaoudn F

Tudunouselszdunnifnanuduiuivesinousa G FagUi 7.21 ﬁﬁmm

e Qﬂﬂ

ﬁuﬁuﬁﬂn%umaumau % 11114'1J'N (1Nﬁﬂ‘kliu o3 2 ¥ilaUAANNTZIITE H'mﬂummu)

& a ' - at 0 v o do  w 3 ° = - =1
Faroudivz I iiiviaeuan lnuthedinuduiusmoiy wisnihmsulFoudougi

a e r AQ’ 1 = 4 ' 4 = ;
anuduius lussduveweniinlunsazioudaduiiulngi 18Tenduintude v



117

v
Y 1 - o' o a a

=1 LY o 2 - - T = Y r
ATAUHIENUNFUADUARN G UANUTUNUTOUTHADUAR B ¥HADUAR C LASFIAIDUAR D

.

1 4 n‘: 41’ 14 ] o u’l:i s 3 ﬂ‘l‘ dy =} 1 =Y
Aldnanuwda dludusouiis: lulimsiinszyiedn  aaiuluduil sedeld ey
v

as ey @ @ da o aa” dy a Aﬂl“ gy 1a
an D hifianuduiusnuriiaeuanle q o uazusnnnilyiiaeuARves H f lidianu

@ W

v
URUTAUSTIAEUAR 1A 9 1FuReIiY

[ b
510 7.21 uamsnnuduRutyertinoudn G

N0 primary keys 11N 1
nl: t a ] w e d e ot a a s
Tudupeuae lszsunaldmanuduiuivossdaouan B dsgdil 722 Alinnw

o & do A&

¥ ® v
dunusnusdaeuanou q Tvuths (ludssasiiog 2 yaeuatnnsziis s iamumniu)
& = Voo Bt o qq" 9 ey o d : Y © =t a
Faneuivz ldnswiliyiaweuda imudhedinnudniuiiniu edeohinisnSoudougi

s o o “‘;’ 1] - Adyl { a J
anuduius luszavveweniih luudazyiaeuaniidhi lag i ldTowanlude lnu

3 » ¥ ¥
VINAsI T NUNYHMEUAR E anuduiuifusineuda A uazefiaeuan G Taodu'ly

amungHonluden 3 uazdon 2 awddy

E=many to manyl:{PNAME. CLNAME}
G=works: {PNAME, SW, CLNAME}



118
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B=CpLanguage: {CLNAME, GENNR, AD}
C=Programmer: {PNAME, CODE, ADDRESS, PHNR, NAME}
E=many to_manyl:{PNAME, CLNAME}
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CpLanguage Programmer
CLNAME PNAME
GENNR many_to_manyl CODE
AD ADDRESS
PHNR
NAME
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9ngUuuufil&lu SNF | Database Trigger 1A Store Procedures EmnsouaaImad iy
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B=CpLanguage: {CLNAME, GENNR, AD}
C=Programmer: {PNAME, CODE, ADDRESS, PHNR, NAME}

E=many_to_manyl:{PNAME, CLNAME}
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¥
o510 lnvve l4iea1319 SNF 409 CpLanguage tioamis1afouviniy o Tufidl

TABLE NAME IS : CpLanguage
CLNAME chard /25
GENNR char- 10
AD char 4

PRIMARY KEY IS : CLNAME

y
Hupoudi 2. Woumugduuyues oL vindovadt idlifuaeud 1 v 185ailae
interface CpLanguage

(extent CpLanguages
key (CLNAME)

—~

attribute char CLNAME;
attribute char GENNR;

attribute char AD;
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TABLE NAME IS : | CpLanguage

CLNAME char 25
GENNR char 10
AD char 4

PRIMARY KEY IS j{CLNAME

interface (CpLanguage \

- g '
(extent CpLanguages (m%‘awnﬂﬂu)

key ((CLNAME).)

attribute char

attribute char

attribute char
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inverse Programmer ::fluentin;
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<1> Drop + Create Meta Table

<2> Input data in SL/NIAH form

<3> Generate [Table and Constraint/0DL]
<4> Outputfile [Table and Constraint]
<5> Outputfile [ ODL 1
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Drop + Create Meta Table : (Humsadumsugmdeyavanimiiososiumshau &
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yain 9 imdeay
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Input data in SL/NIAM form : iilumssudeyalugiiszlonnim SLNIAM udwiinisda
g 9 ¥ a wa
nudeyaadlumsgiudeyalasdnluia
Generate [Table and Constraint/ODL] : lﬁﬂﬂﬁ&ﬂ’luﬂﬁﬁmu1 Table Constraints g ODL
¢ v ¢ 4 o aw & ¢
Outputfile [Table and Constraint ] : iumsidlag Idnadwivesszuui 1dm3sy a9 Inén 14
¥y
%0 outputfile.dat UAAITWALIBUAVDY Table Hag
Sl W o o d?
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¥
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Outputfile [ ODL ] + iflumisillag IWanadwsvosszuuin1dmite a1 IMa7 145140 odifile.dat
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WUAAFWASDOAYEY ODL N 1Ams WA dun

8.2 uarA3sIBg NYATRNA UM TNATDY
YAYDYALY Fact Type

Company has Phone
Company workby Programmer
Programmer is_of Gender
Programmer lives at Place
Programmer has Phone
CpLanguage 1is_of Gen
CpLanguage was Year

SwPackage costs Money

SwPackage has TITLE

gadoyauuy Lexical
Phone(PHNR)
Company(NAME)
Programmer(PNAME)
ComputerKind(COMKIND)

Quantity(NR)
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Gender(CODE)
Place(ADDRESS)
CpLanguage(CLNAME)
Gen(GENNR)
Year(AD)
SwPackage(SW)
Money(M NUM)

YAYOYAUUY identifier
PHNR. char(7)
NAME char(10)
PNAME - char(30)
COMKIND ' char(10)

NR char(15)
CODE char(1)
TITLE char(20)

ADDRESS char(20)
CLNAME char(25)

GENNR char(10)
AD char(4)
SW char(25)

M_NUM char(5)
BRANDNAME char(15)
MODELNAME char(15)

¥ .
YAvoualUy Unique
one Programmer has one Phone
one SwPackage costs one Money

one CpLanguage is of one Gen
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yadoyauuy Mandatory
every one Company has one Phone
every one Company workby one Programmer
every one Programmer work one Company
every one Programmer is of one Gender
every one Programmer lives at one Place
every one Programmer fluent many CpLanguage
every one CpLanguage was one Year
every onec SwPackage  has one TITLE

wi’;’agauuv Inter Unique

ComputerKind combination_of BRANDNAME and MODELNAME is unique

YAUBYALIY Nest Fact Type
Company owns ' ComputerKind has one Quantity

Programmer works SwPackage uses many CpLanguage
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tIRELATE_OBJECT_NAME

RANDNAME

ODELNAME

:Quantitg

- puPackage

e

" H8 rows selected,

?1_15 rows selected,

Ui 8.2 namsdrvesdeyaidanuluasuum lunedini OBIECT NAME 10301519
X_TEMP_ROLE - uazluneduil  RELATE OBJECT NAME  ¥0301519
X_TEMP_CONSTRAINT

8.3 nanawaawsvesszuuluzives RDB tas ODL

+ Programmer
char g
char 10 NOT NULL
char % NOT NULL
char 20 NOT NULL
char 30 NOT MNULL
IS :PHAME

SwPackage
char 5
char 20 MOT MNULL
7 char 25 NOT HULL
E -+ IPRIMARY KEY IS :SH
f“f ANDIDATE KEY IS :TITLE

310 8.3 uaraanadniveaszuulugues RDB
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fact type IS : owns_MEST_FT
char 10 NOT NULL
char 10 NOT NULL
char i5

tNAME ,COMKIND

fact type IS : works_MNEST_FT
char 30 MOT MNULL
char 5T MOT NULL
char 25 NOT MNULL
IS :PHAME ,SW ,CLNAME

ABLE NAME INTER UNIQUE IS ¢+ ComputerKind
char i B NOT MULL
E - char 15 NOT MULL
PRIMARY KEY IS :BRANDNAME ,MODELNAME

Company
{extent Company

RS el

interface

eyl NAME ))

K

& attribute char NAME

o attribute  char PHNR

i attribute char PHAME

£ relationship Set<{Programmer > work
! g inverse Programmer 13work_by
]&5 relationship Set<works_NEST_FT > works
‘fﬁ inverse works_NEST_FT :iworks_by

o relationship Set<{owns_NEST_FT Jouns

i inverse ouwns_NEST_FT $sowns_by

relationship Set<Programmer_M_To_M >fluent
inverse Programmer_M_To M ::fluent_by

attribute char SW

attribute char M_NUM

attribute char CODE

relationship Set<works_NEST_FT >works
inverse works_NEST_FT :tworks_by

3UN 8.4 umAsadwiveaszuuugl ODL voseationdama Company tiaz SwPackage



intérFéce works_
works_NEST_FT

{extent
ey{ PNAME

attribute
attribute
attribute
relationship
inverse
relationship
inverse
relationship
inverse
relationship
inverse
relationship
inverse

interface
{extent. CplLanguage
i eyl CLMAKE

£

o attribute char
attribute char
attribute char

37 8.4 (siv)

8.4 aguwaminaaeg

relationship Set<{works_NEST_FT
inverse works_NEST_FT

relationship  Set<{Programmer_H_To_H >fluent
inverse Programmer_H_To_M

NEST_FT
-5l

char
char
char
Set<Company
Company
Set<Programmer
Programmer
Set<Programmer_M
Programmer_M_To_H
Set<{SwPackage
SwPackage
Set<CplLanguage
CpLanguage

Cplanguage

128

>works_by
:iworks
>works_by
works
M>fluent_by
luent
>costs_by
s icasts
>works_by
iworks

-+
- *
_To
=
e

F

CLMAME
GENNR

RD

>uorks
tiuorks_by

s2fluent_by
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RELATIONSHIP:

[RELATIONSHIP
IRELATIONSHIP
[RELATIONSHIP
IRELATIONSHIP
IRELATIONSHIP
[RELATIONSHIP
|RELATIONSHIP
[RELATIONSHIP
IRELATIONSHIP
|RELATIQNSHIP
[RELATIONSHIP
IRELATIONSHIP
IRELATIONSHIP
|RELATIONSHIP
IRELATIONSHIP
IRELATIONSHIP
|RELATIONSHIP
IRELATIONSHIP
[RELATIONSHIP
[RELATIONSHIP
[RELATIONSHIP
IRELATIONSHIP
IRELATIONSHIP

[RELATIONSHIP

FACT_TYPE:

OBJECT:

LEXICAL:
DATATYPE:

FACT_TYPE
LEXICAL
UNIQUE_IDENTIFIER
UNIQUENESS_CONSTRAINT
INTER_UNIQUENESS.IC
MANDATORY_ROLE_IC
NEST_FACT_TYPE
MEMBERSHIPIC
RANGE iC
MANDATORY_ENTITY.IC
CARDINALITY_IC
CARDINALITY_OF_ROLE_IC
EQUALITY_IC
SUBSET_IC
SUBTYPE_IC
TRANSITION_OF_STR_IC
TRANSITION_OF _VALUE_IC
DYNAMIC_IC
ASYMMETRIC
IRREFLEXIVE
INTRANSITIVE
ACLYCLY

USER_DEFINED

OBJECT ROLE LABEL_TYPE
|OBJECT ROLE OBJECT

ENTITY_TYPE
|FACT_TYPE

LABEL_TYPE DATATYPE '(‘SIZE')'
CHAR
[VARCHAR
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SIZE: NUMBER
UNIQUE_IDENTIFIER:  ENTITY_TYPE IS_UNIQUELY_IDENTIFIED_BY LABEL_TYPE
IENTITY_TYPE ‘('LABEL_TYPE')
UNIQUENESS_CONSTRAINT: ONE ENTITY_TYPE ROLE QUANTITY LABEL_TYPE
|[ONE LABEL_TYPE ROLE QUANTITY ENTITY_TYPE
|[ONE ENTITY_TYPE ROLE QUANTITY ENTITY_TYPE

INTER_UNIQUENESS_IC: ENTITY_TYPE COMBINATION_OF LABEL_TYPE AND LABEL_TYPE IS_UNIQUE
MANDATORY_ROLE_IC: EVERY QUANTITY ENTITY_TYPE ROLE QUANTITY LABEL_TYPE

|[EVERY QUANTITY ENTITY_TYPE ROLE QUANTITY ENTITY_TYPE

NEST_FACT_TYPE: OBJECT ROLE OBJECT ROLE -QUANTITY ENTITY_TYPE

QUANTITY: ONE
IMANY.
MEMBERSHIP_IC: LABEL_TYPE-MUST_BE_IN '{ ENTITY. TYPEY}
RANGE_IC: OBJECT- ROLE - ENTITY_TYPE IN_RANGE OF ‘['LOWER_LIMIT ''UPPER_LIMIT ']

|OBJECT ROLE ENTITY_TYPE COMPARATIVE " LIMIT

UPPER_LIMIT: NUMBER
COMPARATIVE: GREATER_THAN
ILESS_THAN

[NOT_LESS _THAN
INOT_GREATER.THAN
IMORE_THAN

LIMIT: NUMBER
MANDATORY_ENTITY_IC: SET_QF ENTITY_TYPE MUST_BE.HAS_AT_LEAST NUMBER ENTITY_TYPE
ROLE ENTITY.TYPE LABEL_TYPE

CARDINALITY_IC: NUMBER_OF ENTITY_TYPE MUST_BE_EQUAL_TO NUMBER
INUMBER_OF ENTITY_TYPE MUST_NOT_BE COMPARATIVE LIMIT
INUMBER_OF ENTITY_TYPE MUST_BE_IN_RANGE_OF
T'LOWER_LIMIT''UPPER_LIMIT']'

CARDINALITY_OF_ROLE_IC: ENTITY_TYPE PLAY ROLE_QTY NUMBER ROLES_OF {'FACT_TYPE'}'
I[EVERY ENTITY_TYPE PLAY ROLE_QTY NUMBER ROLES_OF '{'FACT_TYPEY}'

ROLE_QTY: AT_MOST
|AT_LEAST
|EXACTLY
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EQUALITY_IC: OBJECT ROLE ENTITY_TYPE IFF OBJECT ROLE ENTITY _TYPE
SUBSET_IC: OBJECT ROLE ENTITY_TYPE IF OBJECT ROLE ENTITY_TYPE
SUBTYPE_IC: ENTITY_TYPE '=' ENTITY_TYPE ROLE ENTITY_TYPE LABEL_TYPE

|ENTITY_TYPE ‘=" ENTITY_TYPE ROLE ENTITY_TYPE IN LABEL_TYPE

|[ENTITY_TYPE '=' ENTITY_TYPE ROLE LABEL_TYPE

[ENTITY_TYPE '=' ENTITY_TYPE ROLE LABEL_TYPE IN LABEL_TYPE

[ENTITY_TYPE '=' ENTITY_TYPE ROLE ENTITY_TYPE

[ENTITY_TYPE '=' ENTITY_TYPE ROLE ENTITY_TYPE IN_RANGE_OF
LOWER_LIMIT''"UPPER_LIMIT

[ENTITY_TYPE '=' ENTITY_TYPE ROLE ENTITY_TYPE IN NUMBER

TRANSITION_OF_STR_IC: SEQUENCE ORDER_FOR_UPDATE_OF ENTITY_TYPE ROLE OBJECT IS LABEL_TYPE
TRANSITION_OF VALUE_IC: FACT_TYPE IS CHANGE_DIRECTION
IFACT_TYPE--.IS-CHANGE_DIRECTION “COMPARATIVE. NUMBER
IFACT_TYPE  I1S_NOT CHANGE_DIRECTION “COMPARATIVE NUMBER
[FACT_TYPE - IS CHANGE_DIRECTION COMPARATIVE NUMBER PERCENT
IFACT_TYPE IS_NOT CHANGE_DIRECTION COMPARATIVE NUMBER

CHANGE_DIRECTION: DECREASINGLY
[INCREASINGLY

DYNAMIC_IC: FACT_TYPE 1S CHANGE_DIRECTION PER PERIOD
[FACT_TYPE IS "CHANGE_DIRECTION COMPARATIVE 'NUMBER PER;PERIOD
[FACT_TYPE IS_NOT) CHANGE_DIRECTION /COMPARATIVE NUMBER PER' PERIOD
IFACT_TYPE IS CHANGE_DIRECTION COMPARATIVE NUMBER-PERGENT PER ERIOD
[FACT_TYPE IS_NOT CHANGE_DIRECTION COMPARATIVE NUMBER PERCENT PER PERIOD

PERIOD: MINUTE
IHOUR
IDAY
IWEEK
IMONTH
IYEAR
ASYMMETRIC: FACT_TYPE IS_ASYMMETRIC
IRREFLEXIVE: FACT_TYPE IS_IRREFLEXIVE
INTRANSITIVE: FACT_TYPE IS_INTRANSITIVE
ACLYCLIC: FACT_TYPE IS_ACLYCLIC
USER_DEFINED: IF STATEMENT THEN STATEMENT EXCEPTION ACTION

STATEMENT; CONDITION CONJUNCTION



138

CONDITION: FACT_TYPE RELATION NUMBER
[FACT_TYPE IN '(NUMBER')'
IFACT_TYPE NOT_IN '(‘NUMBER')'
IFACT_TYPE IN_RANGE_OF TLOWER_LIMIT''UPPER_LIMIT'Y'
IFACT_TYPE NOT_IN_RANGE_OF '['LOWER_LIMIT'/UPPER_LIMITY'
|[FACT_TYPE RELATION LABEL_TYPE
|[FACT_TYPE IN LABEL_TYPE
IFACT_TYPE NOT_IN LABEL_TYPE
[FACT_TYPE LIKE STR_PATTERN
IFACT_TYPE NOT_LIKE STR_PATTERN

RELATION: i

e

| '>=

I's’

f'é=

<>
STR_PATTERN: ALPHABET '<'COMBINE_WITH'>" WILDCARD SYMBOL
ALPHABET: ROLE

|LABEL

=

4

|'§°
WILDCARD_SYMBOL: ‘%'
CONJUNCTION: AND

|OR

ACTION: PRINT LABEL_TYPE
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Han1Inaasd RDB itaz ODL

s1l189 RDB Wivie

TABLE NAME IS : many_to_many_1
CLNAME char 256 NOT NULL
PNAME char 30 NOT NULL
PRIMARY KEY IS :CLNAME ,PNAME

TABLE NAME IS : Company

PHNR char’ 7
PNAME char-30 ‘NOT NULL
NAME char' 10 NOT NULL

PRIMARY KEY IS :NAME

TABLE NAME IS : CplLanguage

GENNR char 10
AD char “4. NOTNULL
CLNAME char 25 NOT NULL

PRIMARY KEY IS :CLNAME

s1l189 ODL Fiwite

interface  ComputerKind

(extent ComputerKind

key( BRANDNAME .MODELNAME )]

{
attribute char BRANDNAME
attribute char MODELNAME
relationship Set<owns_NEST FT  >owns

inverse owns_NEST_FT ;.owns_by



interface Programmer

(extent Programmer

key( PNAME )
{
attribute char PNAME
attribute char NAME
attribute char CODE
attribute char PHNR
attribute char ADDRESS
relationship Set<Company. > work_by
inverse Company work

relationship Set<owns_NEST FT. . > owns
inversg owns_NEST-FT sowns_by

relationship Set<works NEST FT ~ >works
inverseworks_NEST_FT :‘works_by

relationship Set<Programmer_M_To M >fluent

inverse Programmer_M_To M fluent by

interface. Programmer.M_To M
(extent Programmer_M_-To_i
key( PNAME ,CLNAME N
{
attribute char PNAME
attribute char CLNAME
relationship Set<Company >fluent_by
inverse Company =fluent
relationship Set<works_NEST_FT >fluent

inverse works_NEST_FT ::fluent_by

relationship Set<CplLanguage >fluent_by
inverse CpLanguage fluent
relationship Set<Programmer >fluent_by

inverse Programmer =fluent
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interface owns_NEST_FT
(extent owns_NEST_FT

key( COMKIND .NAME )
{
attribute char COMKIND
attribute char NAME
attribute char NR

relationship Set<Programmer >0owns_by

inverse Programmer :owns

relationship Set<Company > owns_by
inverse Company ::0WNS

relationship’ Set<ComputerKind > owns_by

inverse ComputerKind - ::owns
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§ yacc t_parser.y —¢

$ make -f /u01/app/oracle/product/8.0.5/precomp/demo/proc/demo_proc.mk
OBJS="y.atb.o xmenu.o t parser.o t.dtb.ot.ctb.o- t input.o t gen odl.o t4-odl.o
x3_t 21 j43 proc.o x4t 21_j43. proc.o x5.t 21 j43 proc.o x6_t 21 j43 proc.o
x7_t_21 j43 proc.o x8 't 21 j43_proc.o’ EXE=xmenu build DBMS=v7

/* PROGRAM : tictb.pc */
/* PROGRAM : create table */
#include<stdio.h>
#include<string.h>
#include<sqglca.h>
EXEC SQL BEGIN DECLARE SECTION;

VARCHAR uid[20];
#include<stdlib.h>
#include<sglda.h>
#include<sglcpr.h>

VARCHAR pwd[20];
EXEC SQL END DECLARE SECTION:
EXEC SQL INCLUDE SQLCA;
char e_name_test;
char id_name;
char j;
char t_object_name[5];
char tt_object_name[8];
char ttt_object_name[5];
t1_ctb()
{
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createtb();

}

createtb()

{

extern char *t_test_link;

extern char *t_test_link1;

extern char *old_t_test_link1;

extern char *t_test_link2;

extern char *t_test_link3;

extern char *tt_test_link;

extern char *x_test_link;

extern char *x_test_link1;

extern char *e_name;

extern char *ee_name;

extern char *object_transfer_temp;

extern char *x_t test_link2_1:

extern char *t_test_link2_1;

extern char *object_transfer:

extern char *I_t_test_link;

extern char *I_t_test link1:

extern char *I_t_test_link2;

extern char *xy_relate_constraint; /*inter unique. 28 dec 1999 */
extern char *xy_nest_fact_3; /*30 dec 1999 %/
extern char *xy_nest_fact_8; /30 dec 1999 */
extern char *xy_nest_fact_7; /* 30 dec-1999 %/
extern char *M_ODL1; /* 10 sep 2543 %/

extern char *M_ODL2; /* 10 sep 2543 */
extern char *TN_ODL_1; /* 10 sep 2543 */
extern char *N_ODL1; /* 10 sep 2543 */
extern char *N_ODL2; /* 10 sep 2543 */
extern char *N_ODL3; /* 10 sep 2543 %/
extern char *“TN_ODL_2; /* 10 sep 2543 */
extern char *“TN_ODL_3; /* 10 sep 2543 */
extern char *Nest_ODL_2; /* 10 sep 2543 */
extern char *x_odl_table_role; /* 21 dec 2543 */
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extern char *x_odlI_inverse_role; /* 21 dec 2543 */
strepy(uid.arr,"SCOTTY);

uid.len=strlen(uid.arr):

strepy(pwd.arr,"TIGER"):

pwd.len=strlen{pwd.arr);

EXEC SQL CONNECT :uid IDENTIFIED BY : pwd:
EXEC SQL CREATE TABLE X_TEMP_GROUP_SAME_TABLE
(entity char(100),label char(100),uniq_const_type char(100),PRIMARY KEY (entity,label));

EXEC SQL CREATE TABLE X_TEMP-PK
(table_name char(100),primarykey_name char(100) first_name ehar(100),second_name char

(100).third_name char(100),PRIMARY. KEY (table_name)):

EXEC SQL CREATE TABLE X.TEMP_ROLE
(role_name char(100),0bject_name ' char(100),relationship_name char(100),name_exteand char
(100),table_name ‘char(100),comment name char(100), label_reference_name - char(100),role char

(100),PRIMARY KEY (role_name)):

EXEC SQL CREATE TABLE . X TEMP_IDENTIFIER
(label_name char(100).entity_name char(100),data_type char(100),size_num
number,PRIMARY KEY (label-name));

EXEC SQL CREATE TABLE X_TEMP_REFERENCE_TYPE
(label_name char(100),entity name char(100),PRIMARY KEY (label_name)):
EXEC SQL CREATE TABLE X_TEMP_CONSTRAINT

(const# char(6).const_type char(100),object_name char(100),relate_entity char(2),label_type
char(100),relate_object_name char(100),PRIMARY KEY (const#));

EXEC SQL CREATE TABLE X_TEMP_IC_ROLE
(const# char(6),role char(100),PRIMARY KEY (const#)):

EXEC SQL CREATE TABLE X_TEMP_MANDATORY
(const# char(6),relationship_desc char(100),PRIMARY KEY (const#)):
EXEC SQL CREATE TABLE X_TEMP_NEST TYPE
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(role char(100),0bject char(100)0bject2 char (100),PRIMARY KEY (role)):

EXEC SQL CREATE TABLE X TEMP_EQUALITY
(table_name char(100),object_name1 char(100),0bject_name2 char (100),o0bject_name3 char

(100),PRIMARY KEY (table_name object_name1,object_name2));

EXEC SQL CREATE TABLE X TEMP_ODL
(entity_odI1 char(100),.entity_odI2 char(100),entity_odI3 char (100),.entity_odi4 char
(100).table_role char(100),inverse_role char(100),PRIMARY KEY (entity_odi1.entity_odi2));

EXEC SQL CREATE TABLE X_TEMP_TNAME. ODL

(table_name_od!| char(100) table_entity odi1 char(100),PRIMARY KEY {table_name _od!)):
EXEC SQL COMMIT WORK RELEASE:
}



146

Usz Iagien

wemdu suzay  Wurnimiadumames sunsAnuszduganAnunuminnde
= 1 = e o kY - ' 3 a e 3/
@odlmi  dszaumsahauluduededionazszuuaugudeyannuiimaduam
umyuiiia  uazuwun luTasaouiumes aordumaTuladwszsemndudinunms ain
GEEATE enouAiui luszdunolunaznouentsammay madszaudnns
TENCON2000 #iszimeuuniie  Tuunanufieusi5es “A FACT-BASED OBJECT-
ORIENTED DATABASE DESIGN “TOOL “WITH. A NATURAL LANGUAGE
INTERFACE”





