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Studert Teacher
83 Semartics:
m-{m'ww} = _
| hiegriy mmtlmde,-{‘h‘ ©.C'F} name ; string(30)
mmmam et : riager el e )
name
num realcunt-ol-he ghi=( tertinere)> 'lb ’"‘9(1
o m;-ww-{tw )
aivbor Togcher o I‘“‘Y "“""
faculty : Facully
Reseor ch
' |integrty constrait: .
Faculy Atride |
, fopic : stiing (20)
Mirbede : rnu:ab'hg(‘l)
ot Srvll) e bt Sro0)
address : siring(40) ml":md )
{Schema1.1 Aemutasan [17])
Paroon
v —
nama
todl : realaunl-ol-height =(inatre } >
weight : resiani-ol-weight =(\g}>
[ A 1
Student Teacher ) Projact
mnquiww- m'} [ 1930" and : 1899
: yeorz “1930" and year< '1899°
Major ={omputer' stet" ineth', lactronics}> mhges) s -
!‘_'E!__Hlﬂ'-{"'?'T“ rank ; sting(26) o
Airbue ; . topic : siring (25)
project : Project yeor. : drng(#)
grade : s¥ing(1) facully_name : string(10) budgel :real
{aculy_nams : string(10) tacully_address : sthgno) X
tacuty_address : slring(10)
advisor : Teachsr

{Schema1.2 dudasen (17])



Publication

Arbus ;
thie : string{40)
author ; string(30)

A

Book

Arbule :
ISBN : string(10)

Journal-P.
Miribats
organizetion . string(25)

(Schema2.1 Aauilasasn {6])

TRY :a¥hg(10)

{Schema2.2 Amuiinsen [63)
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Pubrr ; string(10) wwm 3

| ] Ressarcher
Technical_Report Adticis e
Aribute: prorpee nasme : siring(30)
'g:ﬁlﬁmq@‘?z‘g“m author © Ressarcher gﬁ%\:mm)
ond_vaialy :dfm((iﬂ)l Dbt iaes e | | procuction bonus : rea
dete : string(10) fverage_selary :reel
{Schema3.1)
Publication
the g s0)
authar : tring(30)
I A 1
Non-Referaed Journal-p
Miribute :

JA\

Book TechnRep .

Mirinds : Mirtude ;
ISBN : siring (1) TR : aring(10)

preblisher : string(25)

(Schemas3.2 daurlasann [8))
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: ED)
hhm_pm string(20) _addross : siring (20)

(Schamad.1)

Person
Mrbude

nama : string(20)
age: infeger

A

{ 1
Baby Adul
Clas: somariics ;< age=0-2> Clone aumrln cage=20-120>

Alybuts :
?{:lda:md - aan) pudh-l drhg@)
birh_weight :res! oy | e (20)

(Schemad4.2)



grads : string(10)

(Schemas.1 Amuriasern [1])

Cobr

nagrty constraint: ivegriy coroireint:
grade={istardiing' setisactory’ Unsetisfaciory ) ,,dg.:s )
Mirbeie : Pt -265

company : #¥ing(20) 2o

olor : Color Mrbue -

modal : tring(16) red .

spedd :inleger oreen .

grade : sring25) biue : integer

(Scheme5.2 Amuviasn [1])
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Class semantics:

‘:WF :{o g '.mlh ! Agriude
= e > .

MM&IM#&W) name :

Student

Airibute ;

X .
.

ppa :real

nama m&gdn)
heghi : realcun-ol-hepht=( centimetre) >
address ; tring(E0)
faculy : Faculty T

Person
ntegriy constreint gender={ Femeie, Mais}

Ariute ;
name : sring(40)

gender : sring(10)
hejht : resicuni-ol-hebhi=(melre}>

f :strhg(1
hgﬁydﬂ%&)

T

— GradStudent
Class ;

samartics;
<Facully=(%clence’ sccount’, enginser }
Meajor={compier’ sal’ math',Blactronics }»

Atrbde

facully_neme : siring(20)
ope : ronl

thesls : sking(B0)

(b _name : siring(16)

{Schemes. 1)

(Schemat.2)
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Employes

Class sementics.

<sox={T"m}

occupation={ lswysr ' brolassional’, clark } >

Altritude ;

name ; (A5)

address ; sring(d0)

occipeaion : siring(26)

sax  slring(1)

an:yar Prde;wnl Ci;rk

Class samantics : Class samantics : Claxs semantics :
<sex={1' W} <aon={1,m} <=1 m}
occupalion={lawyer}> occupation ={ prolessional)> occupation={'clerk})>
mollga | ing(15) mlaoa: sring(15) Iﬂbmd:e Aring(5)
c e _name ; siring( _nama | :
law_school_name : ring(15) poaﬁon_ilo=nmn :alring(15)

{Schema7.1 dauriniann [18])

Employes

Class somentics:

<amx=(1'in}

occupetion={ manager' lawyer',

Droissaonal bk Vecratary}>
; (35)

name :

Sonipalon - sO6)

occupalion

8ey : siring (1)

[ A

Nsla_Employes Femnle.
Class samantics : ~ Class somanita;
<amn={m e =(
acc ={manager . lawyer', =(manager’ lawyer’,
rofessionel’.clark’ Sacretar y} > professional’ tlark’ secreiary) >

ftrbue: Nirbade :

(Schema?7.2 deutinasn [18])



Professional
eupam{m:hf business | sconomics |
day’eo={tﬂ:luma'_.\nﬂar' Ut;d;u'}
Mirbate ;
praxnber : integer
priome : Aring(50)
address : slringB0)
sajary :resl
oidl : Su
l Sk Division
Aribube Altribade :
sname sk div_name .
sdeauubot? gsb)lg(w) haads : Mw Kor——
floor 2 strhg(®)
building : sirhg{25)
{Schema8. 1)
Manager
Class Semendicy:
qﬂdﬂhﬂhm'.hm?umﬂ
s m!
a0 0l o= 150015
Atribude :
mmber . intsger
mame : srhgB0)
addrass ; gringB0)
oy R
il e g0
Sales branch Product
Arinde ; Mirkude :
branch_name : string(15) code :sirihg(5)
branch_address : dring(B0) product_name : string(26)
manager : Wanager no_at_products ; integer
products ; Product

(Schemas.2}
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Transaction
dhﬁ-dm-{lrmm
Yiry-goods)>
muo
quu'w red 8 ?ﬂg;“m 6)
dobor uml creal g::;ﬂ Mw-lﬂohrp
produ Product quantly_on_hand : real
(Schema®. 1 Ainurlneann [18])
Class semartics; 4 frozbin
|_<dnd-of-product=(¥oze-goods}>
Alirbuts:
Airtuge: inumber : Integer
pdca_-an radwmcy-{bdﬂ: eisio_number : hieger
a8 volume : Integer
' W femperalure ;integer
ke
|_skind-ol-product={ Yry-goods}> oo
Mirbuds: | Atribugs:
shumber ! integer
plh_ump ndmmcy«[hﬂ}: aisls irteger
langth - boger
3‘55"9:'-“‘"" it
o._

(Schemag.2 fisuraean [18])



Spaquw
Gy —| dype-cl-tour =(hpecisi}>
cty oy g 30) traved : e
'" price : real oer
oo dete : alring(10)
s i
of end il cly: Cly
Bus_Towr Bus
Aribute: Aftritnde:
b Teerer B |hatke
: el
(Schema10.1 Amutnein [21])
Reservalon _ DallyTravel
rrerey hope of b (el )>
travel ; Dalyl’ravd p—r oo
posserger  Passenger [0 | iravele
= el T
ends_at Gty : siring

thde

S T,

(Schema10.2 Amutlmisn [21])
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Schemat,1 uas Schemai.2

Schema1.1.Student faculty.name = Schema1.2.Student faculty_name
Schemai. {. Student faculty.address = Schaema.2. Studlent facully_sddress
Schemai.1.Teachar.faculty.name = Schemat.2. Teacher.faculty_name
Schema.1.Teacher.facuity.addreas = Schema.2.Teacher faculty_sddress

Schemat.1,Student height = Scheme1.2. Shudent tal

Schema+,1.Teacher.height = Schema,2. Teacher.tall

Schemad. 1 ups Schemad.2

Schema3,1.Tachnical_Report = Schema3.2.Techn-Rep
Schema3. 1. Tachnical_Report.topics = Schema?.2.Techn-Rap. iitie
Schema3.1.Document = Schema3.2 Publication

Schema3. 1.Documentname = Schema3. 2. Publication. ttie
Schama3.1.Article = Schema3.2. JoumakP

Schemesf.1 US Schemas.2

Schemats. 1.5tudent sax = Schamaf.2. GradStudent.gender

Schemat, 1. Student facutty.name = Schemat.2.GradStudent facully_name

Schemat. 1.Student. address = Schema.2.GradStudent home_no + Schame8.2 GradStudsnthome_city

SchemaB 1 uns Schemaf.2

SchemaB. 1.Profsssional.priame = Schamad,2 Mansger.mnams
Schemad. 1. Professional pnumber = Schemas 2. Manager.mnumber
Schema8. 1.Professional. skill.skill_nams = Schemaf.2 Manager.skill_name

schemai0.1 ues Schemai10.2
Schema10.1, SpeclalTour.atert_st_clly.clty_name = Schema10.2.DallyTrevel.leaves_from_city
Schema10.1,SpecialTour.end,_st_city.clty_name = Schama10.2, Daily Treval. ands_at_city
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Person

Airftude
namd : string(30)
1ad ; raal cunii-of -heiphl ={ cantimedre } >
waight : real<unit-of-weight ={kg} >

s Stucdant Teacher Project
<Facully=(cience'. sccount’ enginesr Altribede :
Major =(tomputer, Stat toalh’, tlectronics ) > e : string(26) mnic mtzs)
M:d_rmtzﬁ) mmm
Mrhlo project : Project :real
ia:uly Fau.ly " é
bl Facully Rasestrch
AMrbute
Aringe :
fund_source : string(20)
ToaiTsS . 1
. m((‘m paper_published : sring(0)

address :s¥ing(40)




Publicadion
Atrule :
tlle : siring (50)
author : string (30)
I /\ |
Non-Refereed Journel-P.
Altribute :
Adtribaste : .
n g || S G0
I N
Book Techn-Rep.
Atribuds - Atribude :
ISBN : stringip) | | TRr is¥rinQ(10)
publisher : airing (25)
@ E -’ i IJ E
m m
Afriteds : Mﬂuem -
name ; slring name :
clasallication : alrhgeo) e allal-)r aal : s
» i
authar : Researcher production_borwss : real
/\ averegs_salery :real
| 1
Non-Refereed Joumal-p,
Alirbbuls ; Aribuge ;
Puber ; string(10) organization ; string(30)
yolume : string(5)
publication Jype ; etring (20)
A publication_place : string (20)
dale . siring(10)
ook Techn-Rap.
Atrbede : Atrbule :
publorer -p5) | | vir. vedcs (1D
F - end_valdly : string (10)
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Person
Airbute
rame | dring(20)
age : integer
|1 i
Chidren Adul
Class semantics < age= 0-20> | | Cliass semanfics :<age=20-150>
Mirbuts : Mirinde :
grads ; real position : sining (20)

ich dergarten_name : string(20)

X

affice_addre 3 ; string 20)
salary ; real
dagree : string(20)

Baby
Class semartics :< age=0-2>

iribute ;
birh _weighi : Real

Atribute

color : Cokr
wmodel : string (20)

spood : infsger
grade ;: dring(265)

- red=0-266
company : diring(20) | blue=0-256
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GradStudert

semantics;
<Faculty={scianca’ wccount’, engineer}
Major ={ computer’, Sal ' nath’ secironics 1>

Airibute :
thash : string (60}

lab_neme :s¥hg({16)

Class
<sox={1"n}

Empioyss

occupation={ lawyer' prolessional’, tlerk",
manager "secrelary}>

Atritute
name . siring(36)

Lawyer Profassional

Class samarniics : Class semartics
comx=(.m} <sex={1.mn)
occupation={lawyer}>

owpdon-{wm}:

Nribue :

‘colbge_nome : _nams ; string(15)
Jaws_achool_nems : 'mg)(ﬁ) m d(rIu(‘!S)
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dagres={tiploma', naster’ toclor}> Skit
' - Altribute ;
pnmbu':hbger "'"""'"’?@5’
- siring (50) sdescription : astring(40)
addrass : siring(50)
salary (real
oldl : Skl
A
Professional Wanager
Chsa Semantics: Claas Semardics:
<oxpert={ Tinancial’, business', sconomics', <txpert ={bushess', ma }
cop oot '.hm‘l'.l'ﬂuﬂ;y'.mmlg} dag'a::m;:%w
“— m“‘."m .!m Y = ’
M_h ={Yequired }> % .
Alrtute Rie_name : string(S0)
Divis Sales branch
Mirbule ;
mmmm:n oW hgB0) branch_name : al.rmlgﬁj
Lo poide s oo armoox
bd:lhg sring(26) products : Product
Product
Altribute ‘
code : string(5)
product_name ; siring (25)
no_of_products  inleger
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luﬂ mad’hgﬂ )

3ou_mun ‘real

product sold ; Product

Product
Transaction Clans semantics: y »
Wy-goods)>
We:
nﬂea_ : remlecurrency ={dolar >
rmrﬁty u'l_hancl mal
! |
cn Ffb:mm Drygoods
% ;
mﬂm%ﬁm—m): di\d-dﬂﬁdﬂjﬂl’tml__
T N -7
ar 4 »
> stock I : Frozbin 1
frozbin
&lrbuis - e
tnumber : infeger Aybue:
aisie_number - inleger -Anumber : ivisger
voLLp : lniiger abb :inger
tetwdm sinteger lengh : Integer
-ol-temperature ={Tarenhing}
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Tour
dype-dl-tour=('dally’ ypecial}>
e dhut o cly" Cly
o AN
s ! |
+ atri Spociall: Travel
%:’m’m Class semeantics: i/ Q‘:rtu
st : siring(26) dype-gl-dour ={ spacial}> wm-{wﬂ"
m. Mirbue:
price :real stopa_at_cly . aring (30)
dde llrhgﬂﬂ) tring2)
L anuutc “&y
Bus_Tour Bus Resarvation
Atribude: Mtribute: Alrids:
four : Specialfow Dusd : travel: Trawel
busas ; Buy resnber E scals : integer pweng:? mve
manuiaciurer ; string(36) dade : atring(10)
Passanger

B
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[Class] :Faculty (Source - Schema:schemai.t/Clgss:Faculty}
<Class Attribute>
{Attribute] : name
DetaType :sifing Size: 10 Set:faise
<Map Aftribute From> :
Attribute :name  Clags :Faculty (Psth :Faculty) Schema :schemail.i
DataType :String Size :10 Set : falss
Attributa faculty_name Class :Teacher Schema :schemai2
DataType :Sting Size:10 Set : luise
Atiribute faculty_name Class :Student Schema :schemaet.2
DataType :String Size:10 Set : falsa
[Altribute] ; code
DataType ;string Size: 4 Sel:false
<Map Altribute Fraom> :
Aliribute ;code  Class ;Faculty (Peth:Fecully) Schama :schemal,l
DataType ;String Slza:4 Set:false
[Atinbute] ; address
DataType : sting Slze : 20 Set :false
<Map Altibute From> ;
Afiribute :address  Class :Faculty (Path :Facully) Schema schemat.1
OstaType :Sting Size 120 Sst: faise
Altribute faculty_naddress Clasa :Teacher Sr.hm ‘schemai2
DstaType :String Size:10 Set: false '
Altribute faculty_addreas Claag :Studert Schema :schemat.2
DataType :String Slze :10 Sat: faise

{Cass] :Research (Scurce - Schemaschemal.1/Class:Research)
Parert : Project
<Class Attribute>
[Attribute] : fund_source
DataType :sifing Size:20 Set:false
<Map Attribeute From> :
Aftripute fund_source Cipss :Research (Path :Research) Schema ischemat.i
DataType :String  Size:20 Set : falsa
[Attribute] : paper_publlshed
DataType : string  Size:30 Set:faise
<Map Attribute From> :
Aftribute :paper, published  Clasa :Resenrch  (Puth :Reseerch) Schema :schemat, !
DutaType :String Size ;30 Sei : false
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[Class]  :Teucher (Sourca - Schema:schemai.t/Class:Teacher , Schema:schemal.2/Ciass:Teachar)
Parent : Person
<Cluss Aftribute>
{Attributa] ; titie
DutaType : siing  Siza:26 Set:false
<Map Attribute From:> ;
Aftribyte :titte  Class Teacher (Path ;Tescher) Schema :schemat.i
OmtaType :String Size 10 Sat:faise
Aftribute dtite Class :Teacher (Path :Teacher, Teacher-Person) Scheme :scheme?.?
DataType :String Size 25 Set ; false
[Attribute] : rank
DataType : siing Size: 26 Set:false
<Map Attribute From> :
Altribute :rank  Class :Teacher (Path:Taacher) Schema :schemai.
DataType :String Size:15 Sel:false
Altribute srank  Class ;Teacher (Path :Teacher, Teacher-Persan} Schema ischema?.2
DataType :String Size ;26 Sat :false
[Atiribute] : project
DataType : Project Set :false
<Map Attribute From> ;
Aaribute :project  Class :Teacher (Path :Teacher} Schema schemad.!
DetaType :Resesrch Set: false
Attribute :project Class :Teacher (Path :Tescher, Teacher-Person) Schama :schems1.2
DataType :Project Set:false
[Attribute) ; taculty
DataType : Faculty Set:fajse
<Map Aftribute From:> ;
Atirbute feculty Ciass Teacher (Path:Teacher) Schema :echemat,i
UataType :Faculty Set:false

(Cisss]  :Studert (Source - Schema:schemat.1/Class:Student , Schema:schemat.2/Class:Studant)
Parent : Person
<Class Semantic>
Semmntic : faculty  Velue : account,englnesr,science
Map function : faise
Semsntic : major  Value ; compuler,alectronics, math,stat
Map function ; faise
<Claas Attribute>
[Attribute] : grade
DataType :siing  Size: 1 Set:false
<Aftribute Constraint> Possible Value:1,2,3,4,A.8 CF
MapVeiueFunction : Recjuired
<Map Attribute From> :
Atiribute :grace Class :Studert (Path ‘Student) Schema :schemat.f
DataType :String Size:! Set:fulse
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Possible Vaive : AB,CF
Aftribute :grade  Claas :Student  (Peth :Studeet, Student-Persar) Schema :schemal.2
‘DotaType :Sting  Sipe:1 Set :false
Possible Value : 1,2,3,4
[Atifbute] : advisor
DataType : Teacher Set:false
<Map Aftribute From> ;
Aftribute wadviscr  Ciaas Student (Peth :Student) Schema !schemsi.l
DataType :Teacher Set: faise '
Aftribute ‘advisar  Ciaas :Studend  (Path :Student, Studant-Person} Schema :schemat.2
DataType :Teacher Sat :falce
{Attribute) : facuity
DetaType : Facully Sat:false
<Map Afiribute From> :
Aftribyte facully Class :Student  (Puth :Student} Schema achemad.1
DataType :Faculty Sat:false

(Class] : Project (Source - Schemu.schema!.2/Clgas:Projact)
<Ciass Altribute™
{Attribute] ; topic
DataType ; string  Size: 26 Set :felse
<Map Aftribute From> :
Aftribute topic  Ciass (Ressarch Schema schemat.
DataType :Siring  Sze :20 Set: taiss
Atiribute topic  Claas :Project (Peth :Project) Schams fschemat .2
DataType :String Slze 26 Set: fulse
[Aftribute] : year
OstaType :string  Size:d4 Set:false
<Afiribute Consirgint> Possible Velue:1990-1899
<Map Atiribute From> :
Altribute -year Class ;Resesrch Schema sachemmat.
DutaType :String - Slze:4  Sat : false
Possible Valus : 1992-199%
Altribute :year Ciass :Profect (Path :Project) Schema schemal2
DataType :String Size ;4 Set : false
Poasibia Value ; 1980-1999
[Attribute] : budget
OataType :double Size:0 Set:fslse
<Map Aftribute From:> :
Afiribute :budget Clasa :Ressarch Schema schemad.
DataType :Real Size:0 Set:false
Afiribute (budget Class :Project (Puth :Project) Schenm schemut.2
DataType :Reai Size 0 Saf :faise

[Clesa]  : Person (Source - Schema:schemat.2/Ctass:Person)
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<Class Attribute>
{Astribute] : name
OstaType : airing  Size:30 Set: faise
<Map Aftribute From> :
Altribute :name  Class :Person  (Path :Person) Schema :schemat.2
DateType :Siring Size 30 Set:falsa
Aliribute .-name  Class :Teacher Schema :schemai,l
DataType :String Size :30 Set: false
Altribute :name  Cless :Student Schema echemai,1
DataType String Sire :30 Set :false
[Adtribute] ; tall
DeataType ; double Size:0 Set:false
<Aftribute Semartic> :
Semantic : unit-of-height  Value ; centimetre, metrs
Map function ; true
For Semantic :
- Unit-of-height = centimetre(Schema:schemat.! Cless.Teacher Altributerheight)
unit-of-height = metre(Schema:achemat.? Class:Person Attribute:tall)
- unit-of-height = centimetre(Schema:schemaf.! Class:Studant Attributeheight)
unit-cf-height = metre(Schema:schema.2 Class:Person Affributectail)
<Map Altribute From> :
Attnibute tell Class :Perton  (Path :Person) Scheme :scheme1.2
DutaType :Real Size 0 Set:faiss
Aftribute theight Class :Teacher Scheme schemai.i
DataType :Real SizexX] Set: faise
Aftribute theight  Class :Studem  Schema :schemai.{
DataType :Real Size 0 Seot:faise
[Attribute] : weight
CataType :double Size.0 Set:faise
<Aftribyte Sementic> ;
Semartic : unit-of-weight  Value : kg
Map function : faise
<hap Altribute From>
Alirloute 'weight Cless :Person  (Path :Person) Schemsz schemall
DataType :Real Size:0 Set ;false
Altribute 'weight Class :Teacher Schema :schemat.i
DmtaType :imteger Sire .0 Sot:falsa
WapDetaTypeFunction ; Required
Aftribute welgit  Clasa ;Student  Schama :achemat.!
DataType :integer Size:0 Set:false
MapDeataTypeFunction ; Required
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[Cians]  : Publication (Source - Schama:schema2. 1/Ciass:Publication , Schema:schems2.2/Class:Publicstion)
<Cigss Aftribute>
[Attribute] ; title
DataType : string  Size: 50 Set:felss
<Map Aftibute From> :
Aftribute :itle  Class :Publication (Path :Publication) Schema !schema2.l
DateType :String  Size:40 Set :felase
Attribute ;e  Class :Publication (Psth :Publication) Schema :schema2 2
DataType :String  Slze :50 Set : felsa
[Atribute] : author
DataType : string  Slze: 30 Set:false
<Map Attribute From> ;
Aftribute :uthor  Class :Publication  (Path :Publication) Schema achema?2.i
DataType :Siring  Slze 130 Sat: fulse
Attribute :author  Ciass :Publication (Path :Publicstion) Schema :achemu2.2
DataType :String  Size:30 Set:false \

(Clasa] :Book (Source - Schema:schema2.1/Class:Book , Scheme:schemal.2/Clasy:Book)
Parent ; Non-Refereed '
<Cloas Attribute>
[Atiribute] : ISBN
DataType :string  Size: 10 Set:false
<Map Altribute From> :
Altribute ;iSBN  Class :Book  (Path :Book, Book-Publication)  Schema sschema2.t
DateType :Sting Size ;10 Set: false
Affribute :ISBN  Class :Book {Path :Book, Book-Non-Refsreed) Schema :schems.2
DataType :String Slze :10 Set: faise
[Attribute] ; publisher '
DataTypa :string Size:25 Set:false
<Map Aftribute From:» :
Altribute :publisher Class :Book  (Path :Book, Book-Non-Rafereed) Schema :schema2.2
DutaType :String  Size 226 Sat - falsa

[Class] :Joumal-P (Sourcs - Schema:schamal. 1/Classilournal-P , Schema:schema2 2/Class:joumasl-P)
Parent ; Publication
<Class Altribute>
{Attribute] : onganization
DataType : gtring Size: 30 Set:faise
<Map Attribute From> :
Attribute sorganizetion Cless :journal-P  (Peth “Joumal-P, Joumal-P-Publication) Schema :schema?.{
DutaType :String  Size :26 Set : falsa
Aftribute ‘organizetion Class :Joumal-P  (Path wJoumnal-P, Journal-P-Publication) Schema :cheme2.2
DeteType :String  Size :30 Set : faise
[Altribute] : volume
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DataType : string Size :5 Set:faise
<Map Aftribute From> ;
Alribute volume Class :Jourral-P  (Peth JJoumal-P, Joumnal-P-Publication) Schema :achems22
DataType :String Slze ;6 Set ; faise

[Class] : Non-Refersed (Source - Schemaischems? 2/Class:Non-Referesd)
Parent ; Publication
<Class Altribute>
{Attribute] : Pubnr
DataType : string  Size: 10 Set:false
<Map Afiribute From> :
Aftribute :Pubnr  Class :Non-Rafereed  (Path :Non-Refereed, Non-Ratereed-Publication) Schema :schema.2
DataType :String Size ;10 Set:faise

{Ciass] :Techn-Rep (Scurce - Schemaschemel 2/Class: Techn-Rep)
Parent : Non-Refereed
<Class Aftribute>
{Attribute] : TRnr
DataType : string Size: 10 Set:falsa
<Map Aftribute From> ;
Attribute :TRnr  Clasa :Techn-Rep (Path :Techn-Rap, Techn-Rep-Non-Refereed) Schema :achema2.2
DataType :String Size ;10 Set;folse
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[Clasa]  :Document (Source - Schema:schemad,1/Class:Document, Schema:schema3 2/Claas:Publication)
<Class Altribute> '
[Attribute] : name
DetaType ; string  Size: 60 Set:falss
<Map Attribute From>
Alfribute name Class :Document  (Peth :Document} Schema ischemad.!
DetaType ;String  Size 130 Set : fulse
Aftribute :tite  Class :Publicetion (Path :Publication} Schema ischemed.2
DataType :Btring  Size 50 Set :false
Attribute stopics  Claas :Technicel_Report  Schema schema3,!
DataType :Siring  Slze :30 Set:(false
[Attribute] : acromym_document
DataType :sting  Size: 30 Set:faise
<Map Attribute From> :
Afiribute ;acronym_document Class :Document (Path :Document) Schema :schemad.!
DataType :String Size :30 Set : faise
[Attribute] ; classification
DetaType :atring  Size:20 Set:false
<Map Atiribute From> ;
Aftribute :classification Ghu ‘Document  (Path :Documant) Schema :schemad.1
DataType :String Size 120 Set : false
[Afiribute] ; author
DataType : Researcher Seti:false
<Map Attibute From> :
Aftibute ‘author  Cigss :Publication (Path :Publication) Schema :schema3.2
DataType :String  Siza 30 Sat:false
MapDstaTypeFunction : Required
Altribute wuthor  Clsss ‘Afticle  Schema :schemad.
DataType ‘Researcher Sel: fatse

]
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[Class] :Technical_Report (Sourcs - Schemaschema3.1/Class:Techrical_Report, Scherma:schemad.2/Class;Techn-Rap)

Parent : Document, Non-Referec
<Class Alfribute> _
[Attribute) : start_vaiidity
DataType : string  Size: 50 Set:false
<Map Aftribute From> :
Aftribute :start_validily Cleas :Technicsl_Report Schema :schemad.]
DataType :String  Size 110 Set : false
fAttribute] ; end_validity
DataType : string  Size: 10 Set:false
<Map Aftribute From:» :
Attribute :end_validlty Class ;Technical_Report Schema :schema3.i
DataType :String Size ;10 Set ; faise
[Attribute) : TRnr
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DataType ; string Size: 10 Set:false
<Map Aftribute From> :
Attribute :TRnr  Class :;Techn-Rep Schema :schemal2
DuataType :String  Size ;10 Sei:false

[Class] :Articie (Source - Schemaschemad.i/ClassAsticls , Schema:schema3.2/Class:Joumei-P)
Parent : Dacument
<Clgss Altribute>
[Attribute] ; publicetion_type
DutaType : siring Size:20 Set:falsa
<Map Aftribute From> :
Altribute ‘publicstion_type Clase :Article  {Path :Arficle, Aricle-Document) Schema :schemad.t
OateType ;String Size 20 Set:feise
[Attributa] : publication_place
DataType : string  Size: 20 Set: faise
<Map Aftribute From> :
Altribute :publicstion_plece Class :Articls  (Path !Article, Arlicle-Document) Schema :schemed.1
DataType :String Size 20 Set : false
[Attributs] : date
DataType : string  Slze: 10 Sel:folee
<Map Attribute From> :
Attribute :date Clasa ‘Article  (Path :Article, Aticle-Document)  Schema ischemed.i
DataType :Sting Size 110 Set : fuise
(Adtributa] : organization
DataType : siring  Size: 30 Set: faise
<Map Afiribute From> :
Altribute :organizetion  Cless iourmal-P  (Peth :Jourmsi-P, Joumal-P.Publicetion) Schema :achemad.2
DataType :String  Sizge :30 Set :false
[Attribute] ; volume
DetaType : stiing Slze:S5 Set:false
<Map Altribute From> :
Altribute ;volume  Class :joumsl-P  (Path LJoumsi-F, Journai-F-Publicetion) Schems :schemad.2
DutaType :String Slze :5 Set: false

[Clase]  :Researcher (Source - Schemaachema3,{/Clgss:Researchar)
<Class Alfribute>
[Atiribute] : name
DataType :siring Size:30 Set;falss
«<Map Aftribute From:> @
Affribute :name  Class :Ressarcher (Path :Ressarcher) Schema achemal,!
DutaType :String  Size :30 Set : false
{Altriute] : speciglization
DataType ;siring  Size:20 Set:false
<Map Attribute From:> ;
Affribute :specialization  Class :Researcher  (Path :Ressarcher) Schema schemal.!
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DataType :String Size:20 Set : fulse
[Attribute] : salary
DataType :double Size:0 Set:faise
<Map Attribute From> :
Aftribute :salary  Class :Résearcher (Path :Researcher) Schema :achemad.1
DataTyps ;Resl Size ;0 Set:falss
[Altribute] : production_bonus
DstaTypa ;doubls  Size ;0 Set:faise
<Map Attribute From> : )
Altributs ‘production_bonus Ciass :Resssrcher (Path :Researcher) Schema :schemad.i
DataType :Real Size 0 Set:faise
[Attribute] ; average_salary
DutaTypa :double Size: 0 Set:false
<Map Aftribute From> :
Altribute aversge_salary  Class :Ressarcher (Path :Researcher) Schema :schemsd.1
DataType :Real Siza 0 Set:false

[Class] : Non-Refered (Source - Schema:schemad.2/Class:Non-Refered)
Parent : Document
<Class Altribute>
[Attribute] : Pubnr
DstaType : string  Size: 10 Set:fslse
<Map Aftribute From> ;
Attribute :Pubnr  Clasa :Non-Refered  (Path :Non-Refered, Non-Refered-Publication) Schems :schema32
OntaType :String  Slze :10 Set : faise

[Class]  :Book (Source - Schemaschema3 2/Ciass:Baok)
Parent : Non-Referad
<Class Aftribute>>
[Adtribute] : ISBN
DataType :string  Siza: 10 Set:false
<Map Aftribute From> :
Alributs ISBN  Class :Book  (Pwth :Book, Book-Non-Refered) - Schema :schema3.2
DataType :String  Sips :10 Set : falss
[Attribute] : publisher
DataType :atring Size:26 Set:false
<Map Aitribute From> *
Atibute :publisher  Clans :Book  (Puth :Book, Book-Non-Refered) Schema :schema3.2
DataType :String Size 126 Sat : fglse
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{Ciass] :Person (Source - Schoma:schemad.1/Clsas:Person , Schema:schema4 2/Class:Person)
<Class Attribute>
[Aliribute] : name
DetaType : string  Size:20 Set:faise
<Map Altribute From> :
Atirbute :name  Class :Person  (Path :Person) Schema -schemad. 1
DalaTypa :String Size (720 Set:false
Aftribute :name  Class :Person  (Path :Person} Schema ischemad 2
DetaType :String Size (20 Set:faise
[Adtribute] : age
DataType ; integer Siza:0 Set:false
<Map Aftribute From™>
Aftributs :age  Class ;Parson  {Path :Person) Schema :schemad.i
DataType :imteger Sixe ] Set:faise
Afiribute :age  Claas :Perzon  (Psth :Person) Schema :schemad.2

DetaType iinteger Size 1 Set : faise

{Ciass] :Chikdren {Source - Schemaschemad. !/ Clasa:Children)
Parent : Person

<Class Semantic>
Ssmantic :age  Value ; 0-20

Map function : faise
<Class Aitribute>
[Aitribute] : grade
DataTypa :double Size:0 Set:false

<Map Attribute From> :

Aftribute :grede  Class :Children (Path :Children, Children-Person) Schema schemad. |

DataTyps :Real Size ] Set:faise
Atribute :grade  Cluss :Baby Schema :achemad 2
OsaiaType :Rea! Size:0 Set:false
{Adtribute] : kindergarien_name
DataType :string  Size ;20 Set;faise
<Map Aftribute From> : :
Aftribute kindergarter_nama Clasa :Children  (Path :Chikiren, Children-Person} Scheme :achamed. 1
DutaType :String  Size 20 Sel : faise
Altribute kindergarten_name Class :Baby Schema :schemad.2
DetaTypa ;String Size ;20 Set:false
[Class] : Adult (Source - Schema:schemad.1/Ciass:Adult , Schema:achemad 2/Clasa:Aduit)
Parent : Person

<Ciass Semantic>
Semantic ; ape  Value : 20-160

Map function : false
<Cimss Altribute>
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[Attibute] : position
DataType: string Slze: 20 Set.(alse
<Map Altribute From> :
Aftribute (position  Class (Adult  (Psth :Adult, Aduit-"#rson) Schema ischemed.]
DetaType :String  Size 20 Set :false
Aftribute ;position  Cless tAdult  {Path :Adult, Adult-Person)  Schema ischemed 2
DataTyps :String  Size :20 Set: false
[Attribute] : salary
DataType : double Size:0 Set:falsa
<Map Altribute From> ;
Aftribute :salary Class ‘Adult  (Path :Adult, Adult-Person}  Schema ischemad, 1
DataType :Real Size 0 Set:faise
Altribute :salery Class :Adult (Path :Aduft, Aduii-Person) Schema iechemad.2
DataType :Real Size 0 Set:lalse
[Attribute] : degres
DstaType :siing  Slze: 20 Set : false
<Map Attribute From> :
Altribute ;degrea  Clsas :Adult {Path :Adult, Aduli-Parson) Schema :schamad.1
DetaType :String Slze 20 Set:false
Attributa degres Class Adult  (Peth 2Adut, Adull-Person) Schema 'schemad 2
DutaType :String Size 20 Set:false
{Altribute] : office_address
DutaType :string  Slze:20 Set:false
<Map Altribute From> ;
Altibute :office_sddress  Class :Adult  (Psth :Adult, Adult-Person) Schema :schemasd. !
DataType :String Size :20 Set : faise

{Class] :Baby (Sources - Schama:schemad 2/Class:Baty)
Plrunt:dnlldren
<Cless Semantic>
Sementic : age Value : 0-2
Map function : falsa
<Class Attribute>
[Atribute] : birth_weight
DataType : double  Size:0 Set:faise
<Map Aftribute From>:
Altribitte :birth_weight Class :Baby (Peth :Baby, Baby-Person) Schema ‘schemad 2
DateType :Reat Size 0 Set: falsa
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[Cinss] :Car (Source - Schema:schemab,1/Class:Car , Schema:schermab.2/Cless:Car)
<Class Attribute>
[Attribute] : model
DateType :sting  Slze:20 Set:faiss
<Map Attribute From> ;
Altribute :model  Class :Car (Puth ;Car) Schema :schemab.1
DataType :String  Size 120 Set . false
Aftribute :model Class:Car (Pgth:Car) Schema :schema5.2
DataType :String  Size 115 Set : false
[Attribute] : comparny
DataType :sting Size: 20 Set:falsa
<Map Aliribute From:> :
Attribute :company Class :Car  (Path :Car) Schema :achemeb.1
DataType :String  Size ;20 Set : fotse
Attribute :company Class :Car  (Paih :Car) Schema scheme5.2
DataType :String  Size ;20 Set : false
[Atiribute] : color
DataType ; Color Sat : faise
<Map Aftribute From> ;
Atiribute :color  Class :Car  (Path :Car) Schema :schemaS.1
DutaType :Sting Size :15 Set: faise
WapDutaTypeFunction : Required
Possible Value : magenta green lighthlue, red lightred.gold white, dark brown
Atirfbute :oolor  Class :Car (Path:Car) Schema :schema5.2
DataType :Color Sat : false
{Attribute] : speed
DataType : double Size:0 Set:false
<Map Attribute From>:
Atiribute :speed  Class :Car  {Path:Car) Schema achema5.1
DutaType :Real Siza 0 Set :faise
Altribute :speed Cigss :Car (Path :Car} Schema lschema5.2
DutaType iinteger Size 0 Set ; false
MapQataTypeFunction : Required
[Attribute] : grade
DetaYype :siring  Size:25 Set:@false
<Aftribute Constraint> Poasible Vaiue:high,low,medium,outstanding, satistaciory,unsatistectory
MspValueFunction : Required
<Map Attribute From> :
Aftribute :grade Class :Car (Path :Car}) Schema :schemab.1
DataType :String  Size :10 Set : faise
Possible Vaelue ; high,medium low
Altribiute :grade  Class :Car  (Path :Csr) Schema ischemaS.2
DataType :String Size 225 Set:false
Possible Vatue : outstanding.satistectory,unsatisteciony
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[Claas] :Color (Source - Schema:schemab.2/Class:Color)
<Class Atfribute>
[Attribute] ; red
DetaType : infeger Size:0 Set:faise
<Atfiribute Canstraint> Possibls Value0-265
<Map Aftribute From> :
Attribute red  Class :Color  (Path :Color) Schema :schemat.2
DataType :integer Size 0 Set:false
Possible Value : 0-2656
[Atirfbuta] : grean .
DetaType : Imtegar Size ;0 Set:false
<Altribute Constraint> Possible Vaiue:0-256
<Map Aftribute From> :
Altribute green  Cless :Color  (Paih :Color)  Scheme :scherneb.2
DataType :imager Size 0 Set:false
Possible Value : 0-266
[Atiribute] : Blue
DataType : intager Size:0 Set:faise
<Atiribute Constraint> Poasible Vaiue:0-266
<Map Aftribute From> :
Affribute tbiue Class :Color (Psth :Calor} Schema ischemat.2
DataType :integer Sire :0 Set:false :
Possible Value ; 0-266



{Ciass]  : Student (Source - Schema;schomaB.1/Ciass:Student}
Parent : Parson
<Ciass Semantic>
Semaentic : Faculty Value : sccount engineer,scioncs
Map function : false
Sementic : Major  Value : computer, elecironics,math,stat
Map function : false
<Class Attribute>
[Afirtbute] : gpa
DutaType :double Size:0 Set:false
<Mup Atiribute From> :
Attrlbute :gpa  Class :Student (Path :Studert) Schemae :schema6.1
DataType :Real Size .0 Sat:false
Aftribute :gpa  Class :GradSiudent Schema :2chema6.2
DataType :Real Size:0 Set:false
{Attribute] : faculty
DateType : Faculty Set:lalse
<Map Altribute From> :
Aliribute faculty Class :Student (Psth :Student) Schema :schemat.l
DetsType :Faculty Set:false

[Class] :Faculty (Source - Schema:schamaB.1/Class:Faculty)
<Class Attribute>
[Attribyte] : nama
DataType :string  Size:20 Set:fales
<Mep Atiribute From= :
AHMe:mm Cluss :Faculty (Path :Feculty) Schema ischema6.1
DataType :String  Size :20 Set : fslse
Aftributs Jacuity_nsma Class :GradStudent Schema schemet.2
DataType :String Size 20 Set : falss
[Attribyte] : dean
DetaType : siring Size: 40 St :falee
<Map Aftribute From> :
Altribute :dean  Claas :Facully (Psth:Faculty} Schema :schema6.1
DataType :String Size :40 Sel : falee
[Attribute] ; addresa
DataType :string  Size : 26 Set:falye
<Map Aftribute From> :
Attribute :address  Class :Faculty (Path :Fecully) Schemae :schemaé.!
DataType :String Size 26 Set :{sise

{Class] : Person (Source - Schema:schemat 2/Class:Person)
<Class Attribute>
[Attribute] : neme
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DateType :siring Size: 40 Set:false
<Map Attribute From> ;
Altribute :name  Class :Siudent Schema :schemet.
DetaType :Siring  Size 140 Set : fajse
_Aftribute :name  Class :Person  (Path :Person) Schema :scheme6.2
DataType :String Size ;40 Set:imise
[Attribute] : sex
OataType :siring  Size: 10 Set:fafse
<Aftribute Constraint> Fossible Value:F,Femsle,M Male
MepValueFunction ; Required
<Map Aftribute From> :
Aftribule :sax Class :Student Schema :schemadi. i
DataType :Siring  Size:1 Sai:false
Possible Value | F.M
Aftribute :gender Class :Person  (Path :Persan) Schema schemab.2
DataType :String  Size 110 Set : faise
Posslible Vaiue ; Famale, Male
[Attribute] : height
DataType ; double Size:0 Set:faise
<Aftribute Semantic> :
Semantic : unit-of-height Value : centimetre metre
Mzp function : frue
For Semantic
- unit-of-height = cantimetre(Schema:schemat.! Ciass:Student Attributeheight)
unit-of-height = metre(Schema:schemat2 Class:Parson Aliribute:height)
<Map Altribute From> |
Aftribute theight Class :Student Schema :schemat.i
DataType :Real Size 0 Set:felse
Aliribute :height Cinss :Person  (Path :Person) Schema lschemag.2
DateType :Reat Size:0 Set:false
[Adtribute] ; scdress
DataType : siring  Siza: 60 Set : false
<Map Altribute From: :
Altribute ;address  Class Student Schema :schemaé.1
DataType :Siring Size 60 Set : false
Compound Attributes ;
home_no Class:Person  Schema ischemat.2
DutaType :String Sire:10 Set: faise
home_chy Class ;Person  Schema :schemsB.2
DeteType :String Size :20 Set:feise

{Class] : GradStudent (Source - Schama:schema6.2/Class:GradStudent)
Parent : Stucent

<Class Semantic>

Semantic : Faculty Velua : science,account,esngineer
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Map function : false
Semantic : Major Value ; computer,stat,math,slactronice
Map funcifon : false
<Cinps Aftribute>
(Attribute] ; thesls
DataType . alring Size : 60 Set : false
<Map Attribute From>
Attribute ;thesls Ciass :GradStudent (Path :GradStudent, GradSiudent-Person}  Schems schemas.2
DataType :String  Size 60 Set:false
[Attribute] : Iab_nama
DataType :string Size: 15 Set:false
<Map Attribute From:> ;
Altribute jab_name Clsss :GradStuden! (Peth :GredSiudent, GradSiudemt-Person) Schema :u:hamaé.Z
DataType .String Size 115 Set:folse
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(Cless] : Employee_Male_Employes_Female_Empioyse
(Source - Schema:schema 7.1/ lass:Empiayes , Schemaschema7.2/Class:Employse ,
Schema:schema72/Class:Male_Employee , Schema:schama’ 2/Class;Famale_Employoe)
<Class Semantic>
Semartic : sex Value :fm
Map function : false
Semantic : occupation  Value : clerk,jawyer,manager,professional secretary
Map function : faise
<Clgss Altrtbute>
[Attribute] : name
DateType : string  Size : 36 Sat : false
<Map Altribute From>
Attribute :neme  Clasa :Employes  (Path :Employee) Schema achemal.l
DataType :Sting  Size 135 Set : fulse
Afiribute :name  Class :Employee Scherma :chema’.2
DateType :Sting Size 36 Set : faise
{Attribute] : address
OstaType :sting  Size: 40 Set:talss
<Map Attribute From> ;
Attribute -sddress  Class :Employes  (Psth :Employes) Schems :schemal.i
DataType :String  Size 40 Sel: faise
Aftribute eddress Class :Employes (Path :Employse, Femais_Emplcyoa, Female_Empioyes-Employes,
Male_Empioyee, Male_Empioyee-Employes) Schema :schema’.2
DataType :String Size :40 Set:fsise
[Attribute]} : occupation
DataType :siring  5ize ;35 Sef:false
<Map Altribute From> :
Attribute ;occupation  Clasa :Empioyee  (Path :Employes) Schema :schema’.]
DataType :Sting Size 26 Set: faise
Aftribute :occupation  Cless :Employes Schema schema?.2
DataType :String  Size 1356 Set: false
[Adtribute] : sex
DataType ; siring.  Size: 1 Set:false
<Map Aftribute From® |
Altribute ;sex Ciaas :Employes  (Path :Empioyee) Schema :schema?.l
DataType :Sting  Size:! Set:false
Attribute sex  Ciess :Empioyee  Schema :schema?.2
DataType :String  Size:1 Set : false

[Class] :Lawyer (Scurce- Schema:achema7.1/Class:Lawyer)
Parent : Employee_MWala_Employes_Femals_Employee
<Class Semantic>
Semantic : sex  Value : f,m

Map function : faise
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Semantic : occupation Value : ([ewyer
Map function : false
<Class Attribute>
{Altribute] : college_name
DataType : sting  Size: 15 Set:foise
<Mup Aftribute From= :
Aliribute ;college_name  Class :Lawyer (Path :Lawyer, Lawyer-Employes) Schema :achema7.1
DutaType ;Sting Size ;15 Sat:false
{Altribute] : law_schogl_name
DataType ; etring  Size: 15 Set:falsa
<Map Attrbuts From> :
Aftribute dlaw_school_nams Class iLawyer (Path :Lawyer, Lawyer-Employee) Schema :schema?.1
DataType :String  Size :15 Sei:feize

[Ciwss]  :Professions| {Source - Schema:schema?.1/Cless:Professional)
Parent : Empioyes_Wale_Employee_Female_Employee
<Class Semantic>
Semantic : occupation  Velue ! professional
Map function : false
Semantic : sex  Vaiua :f,m
Map function ; faise
<Class Alfribute> '
[Altribute] ; college_neme
DataType : string  Size: 16 Set :faise
<Map Altribute From> :
Alfribute ‘college_name Class :Professionsl  (Puth :Professional, Professional-Employee)  Schema ischema?.
DateType ;Siing  Size ;15 Set : false
[Altribute] : poaiﬁog_ﬁﬂa _neme
DataType : string  Size: 15 Sef: faise
<Map Attribute From> .
Altribute :position_title_name  Clasa :Professionsl  (Path :Professionsi, Professiomal-Employee)  Schema ischema?,i
DataType :Siring  Size ;15 Set ; faise

[Ciass]  :Clerk (Source - Schema;schema?.1/Class:Clark)
Pwrent : Employes_Maie_Employes_Femaie_Employes
<Class Semantic>
Semsntic : occupstion  Value : clerk
Map function : false
Semantic : sex Value : f,m
Map function : false
<Claas Attribute>
(Attribute] : job_code
DataType : string Size:5 Set:false
<Map Altribute From:> :
Altribute job_code Class :Clerk  (Path :Clerk, Clerk-Empioyes) Schema lschema?.1
DataType :Sting Size:5 Set:false
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[{Class] : Professional (Source - Schema:schema8.1/Class:Frofesaional)
Parent : Professional_Manager
<Cigss Semantic>
Semantic : expert Value : finuncial business,sconomics,computer,management industry, accounting
Mep function : faise
Semanlic : degree  Veiue : diploma,mester,doctor
Map function : felse
Semantic : english_language Velue  required

Map function : false

[Clags]  :Skill (Source - Schemaischems8.1/Class:Skill)
<Class Aftribute>
[Aftribute] : skill_neme
DataType ! string  Size: 30 Set:islse
<Map Aftribute From> :
Attribute :skilt_name Ciaas :Skill  (Psth:Skill) Schema :schema8.t
DetaType :String Slze :26 Sel:false
Altrigute ;skiil_name Class Manager Schems :schamed.2
DataType :String Slze 30 Sel : false
[Attribute] : skii_descniption
DataType : string  Size : 40 Set : false
<Map Altrtbute From> :
Aftribute :skili_description Class :Skifl  (Path :Skill} Schema :schemas. !
DwiaType :String Size 40 Set:false

{Clasa]  :Division {Source - Schema:schemas,1/Clasa:Dhdsion)
<Class Attribute>
{Attribute] : div_name
OateTyps : atring  Size : 50 Set : false
<Map Affribute From> ;
Afirioute :div_name  Ciass :Division  (Path :Division) Schema ischemag,{
DataTypa :String - Size 50 Set ; false
[Attribute] : heads
DataType : Professional  Set ; false
<Aliribute Releted In Aggregated Class> : Professional
<Map Aftribute From> ;
Aftribute theads Ciase :Division (Path :Division) Schema :schema8.t
DstaType :Frofessional Set : falaa
[Attribute] : floor
DutaType : stiing  S5ize:3 Set:false
<Map Atlribute From> :
Aftribute :ficor  Class :Division (Path :Division) Schema :achemaB. 1
DataType Sting Slze:d Set:faise
[Atiritsute] * building
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DataType :string  Size: 25 Set:false
<Map Altribute From> ;
Affribute :buliding Class :Division  (Path :Division) Schema :schemad.1
DataType :String  Size 26 Set : false

[Class]  :Manager (Source - Schema:schemad.2/Class:Manager)
Parart ; Professional_Manager
<Cless Samantic>
Semantic : expert  Value : business,menagement
Map function ; false
Samanlic ; degree  Value : master,doctor
Map function : false
Semantic : ages_of_work  Value : 10-60
Map functian ; false
<Class Aftribute™
[Attribute] ; titlke_name
DataType:string Size: 50 Set:false
<Map Aftribute From=>:
Aftribute -titte_name Class :Manager (Path :Manager) Schema :schema8.2
DataType :String  Size 50 Set : faise

[Class] :Sales_Branch (Source - Schema:schema8.2/Class:Sales_Branch)
<Class Aftribute>
[Attribute] : branch_name
DstaType :string  Slze: 15 Set:false
<Map Attribute From>:
Attribute ;branch_name Class :Sales_Branch (Path :Sales_Branch) Schema ischema8.2
DataType :String  Siza ;15 Set : faise
[Attribute] ; manager
DutaType : Mansger Sel: false
<Altribute Related In Aggregsted Class> . Manager
Aftribute : title_rama
Map Attribute From :
Attribute:titie_name Class:Manager Schema:schemad.2
<Map Attribute From:> :
Attribute ‘manager Class ;Sales_Branch (Path:Sales_Branch) Schemu ischema8.2
DataType :Manager Sat :false
[Atiribute] : branch_sddress
DataType : string Size :50 Set:false
<Map Attribute From> :
Aftribute tbranch_scdidress Claas :Sales_Branch (Path :Sales_Branch} Schema .schemeb.2
DataType :Siring  Size :50 Set : false |
[Aftrioute) : products
DataType : Product Set : false
<Magp Altrituta Fram> ;



Attibute ‘products  Ciass :Sales_Branch {Path ;Sales_Branch) Schema :schemad.2
DataType :Product Set : false

[Class] : Product (Source - Schema:schemaB.2/Class:Product)
<Clgas Aftribute>
[Atiribute] : code
DataType : sting Size:5 Set:false
<Map Atiribute From> ;
Attribute :code  Class :Product  (Path :Product) Schema :schema8.2
DataType :String Slze :6 Set : faise
[Attribute] : product_nams
DataType : sting Size: 25 Set:false
<Map Attribute Fram> :
Attribute :product_neme Class :Product (Palth :Product) Schema :schemad.2
DaiaType :String  Size 126 Set : false
{Attribute] : no_of_products
DataType :integer Size:0 Set:felsa
<Map Afiribute From> :
Attribute :no_of_products  Class :Product (Fltﬁ Praduct} Schema :schemaB2
DataType :Infeger Size [0 Set:ialse

{Class] : Frofessional_Manager
<Class Semantic>

Sementic ; expent  Vaius : accounting, business,compuier,economics financial ndustry,management

Map function : false
Semantic : degres  Velue : diploma,doctor,master
Mep function : false
<Class Attribute>
[Aftributa} ;: prumber
DataType :integer Size: 0 Set . false
<Map Alfribute From> ;
Aftribute :pnumber  Class :Professions! - Schema :schema8.
DataType :Integer Size:0 Set:false
Aftribute :mnumber Class :Manager Schema :schema8.2
DataType :integer Siza 0 Set’ faise
[Attribute] : pname
DataType : string Size: 60 Set:false
<Map Aftribute From> :
Aftribute :pneme  Class :Professional  Schema :schemad,i
DataType :String Size 50 Set : faisa
Attribute :mneme  Class :Mansger Schema :achemaB.2
DutaType :String  Size :50 Set :false
{Attribute) ; address
DataType :siring  Size:60 Set:false
<Map Aftribute From: :
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Aftribite :address  Class :Profeasional  Scheme :schemad.!
DataType :Sting  Size 160 Set: faise
Attibute :address Class :Manager Schema :schemsd.2
DataType :String  Size :60 Sef : false
[Afiribute] : salary
DateTyps :double Slze:0 Set:false
<Map Aftribite From> ;
Aftribute ;splery  Class .Professional  Schems ischemed.l
DutaType :Res! Size:D Set ; false
Aftribute :salary Class :Maneger Schema :schemsb.2
DataType :Real Size:0 Set:false
[Attribute] : skill
DataType : Skill Set : false
<Map Altribute From> ;
Aftribute kil Class :Professional Schema :schemag.1
DetaType :Skill Set ; faise
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{Class] :Product (Source - Schema:schema8.1/Ciass:Product}
<Class Semantic>
Semantic : kind-of-product  Value : dr_y-qooda.froze-qoods
Map function : false
<Claas Aftribute >
{Aftribute] ; code
DataType !siring  Si2e:5 Set:feise
<Map Attribute From> :
Aftribute :code  Cimas :Product (Path :Producl) Schema :schemaf.i
DataType :Siring  Size 5 Set:false
Aftribute :code  Class :Frozgoods Schema :schema.2
DataType :Siing Size :5 Set:false
Aftribute :code  Clasa (Drygoods  Schema :schemaB.2
DataType :String Size :5 Set:false
{Attribute] : price_smount _
DataType :double Size:Q Set:lalse
<Aftribute Semantic>:
Semantic : curency Value : bakt, doliar
Map function : true
For Semantic .
- cumency = doller(Schemaischemsd.1 Class:Product Aftribute:price_amaount)
currancy = baht(Schematachema9.2 Clase:Drygoods  Altribute:price_amount)
<Map Afirbute From> :
Attribute -price_amount Class :Product (Psih :Product) Schema :schems8.1
DataType ;:Resl Size:0 Set:false
Atiribute :price_amount Class :Frozgoods  Schema :schemaf.2
DataType :Resl Size:0 Set : false
Altribute :price_amount Clasa :Drygoods  Schema :schemuf.2
DataType :Real Size .0 Set:fuise
[Attribute] : discount_amount
DataType ; doubla Size:0 Set:false
<Map Afiribute From>
Affribute :discount_amount Class :Product  (Path :Product) Schema :schemad.1
DataType :Real Size:0 Set: faise
Aftribute :discount_amount Class :Frozgoods - Schema :schema.2
OataType :Real Sire:0 Set:false
Altribute discount_smount Ciass :Drygoods Schems :schemaB.2
DataType :Resl Size:0 Set:false
[Attributa] : quantity_on_hand
DataType :imteger Size:0 Set:faise
<Map Attribute From> :
Aftribule ;quantity_on_hand Cless :Product (Puth :Product) Schema rschemed,1
DataType :Integer Size:0 Set : fatse
Aftribute :quantity_on_hand Cless ;Frozgoods Schems :schema9.2
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DataType :Integer Size 0 Set:false
Attribite ‘qusnlly_on_hand Ciass :Drygoods  Schema schemad.2
DataType iintager Size 0 Sat < false
(Class] - Transaction (Source -MMlmm.im:Tunucﬁm)
<Class Attribute>
{Attribute] : date_time
DataType : string Sizn: 10 Set: false
<Map Aftribute From>:
Attribute :date_time  Class :Transaction (Path :Transaction) Schema :schemag.1
DuataType :Sting  Size :10 Sel : false
[Atiribute] : checker_number
DateType :sting  Size: 15 Set:false
<Map Aftribute From>:
Attribute :checkar_rumber Class ;Transaction {
DataType :String  Size :15 Set ; false

Path :Transactioh) Schema schemafd.1

[Atiribute] - quantlty
DataType : imeger  Size:0 Sat ; false
<Map Atiribute From> :
Aftribute :quantity Class
DataType dinteger Siza 0 Set:faise
[Adtribute] : dolisr_amount
DataType : double Size:0 Set:false
<Muap Aftribute From> :
Altribute :dollar_smoum Cigss -Transaction  (Puth :Tren

“Transaction (Path :Transaction) Schema :schemag.{

saction) Schemsa :aschemad.1

DutaType :Res! Size:0 Sel:faise
[Attribute] : product_sold
DataType : Product  Get : false
<Mup Afiribute From> :
Aftribute :product_sold Cisss :Trensaction (Path ;Trensaction) Schema :schema$.1

DataType :Product Set : false

[Class] : Frozbin M-MMM:FMin)
<Class Alirjbute>
[Attribute] : fnrumber
DataType ; infeger  Size:0 Set : faise
<Map Attribute From: |
Aftribute fnumber  Class :Frazbin  (Path :Frozhin) Schema ischemad.2
DataType :integer Size 0 Sat : faise
[Attribute] : alsle_number
DataType :intsger Size:0 Sal : false
<Nap Attribute From> :
Altribute saigle_number Class :Frazbin (Path :Frozbin
DataType :integer Size:0 Sei:false
[Afiribute] : volume

} Schema :schemad.2
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DataType : integer Size:0 Set:false
<Map Attribute From> :
Attribute volume  Claas :Frozbin (Peth
DataType :integer Size 0 Set:fulse
© [Atiribute] : tamperature
DataType : integer Size:( Set:false

‘Frozbin) Schems :schemag2

<Altribute Semantic> X
Semantic ; unit-of-tsmperature Vgiue : farenhine
Map function : faise

<Map Attribute From>:
Attribute temperature  Class -Frozoin (Path :Frozbin) Schema :schemag.2

DataType :integer Size 0 Set ; false
[Class] 1 Frozgoods (Swm-Schema:schemaQ.mns:Frozgooda}
Parent ; Product

<Class Semantic>
Samantlc : kind-of-product Vajue : froze-goods

Map funclion : faise
<Ciass Attribute>
[Attribute] : order_point_quantity
DataType : integer Bize :0 Set:faise
<Map Aftribute From> : .
Altribute sorder_point_quantity Class :Frozgoods
DataType :integer Bize 0 Set:false
[Attribute] : stock_ln
DataType : Frozbin Set *{slse

<Map Altribute From=> -
Atiribute :stock_in Ciass :Frazgoods  (Puth :Frozgoods) Schema schemad.2

DataType :Frozbin Set:talse

(Path ;Frozgoods) Schema schemed.2

(Class]  : Shefl (Source - Scheme:achemeg. 2/Cleass:Shell)

<Class Allribute>
[Annbute]:onumbof
DataType . integer Size :Q Setifalse
<Map Aftribute From> .
Attribute :snumber  Class :Shefl  (Path
DataType :intager Size 0 Sel ; faise
[Atiribute] : alsle_number
DataType : integer Siza:Q Set:false
<Map Altribute From>:
Attribute sisie_number Class
DataType :integer Siza:0 Set:fuise
{Aftribute] : length
DstaType : Integer Siza:0 Set:folse
<Map Atribute From> :

‘Shelf) Schema :schemad 2

«Shelf {Puth :Shelf} Schema :achemag.2



Aftribute Jength Class :Sheif (Path :Shelf) Schema :schema9.2
DataType :Integer Size .0 Set : false

[Ciass] :Drygoods (Source - Schema:schema®.2/Class:Drygoods)
Parart : Product
<Claas Semantic>
Semantic : kind-of-product Value : dry-goods
Map function : false
<Class Aftribute>
[Attribute] ; shelfs
DataType ; Shell Set : false
<Map Aﬂribuie‘ From>:

Affritrute ishelfs  Class :Drygoods  (Path :Drygoods) Schems :schemaf.2

DataType :Shelf Set : falsa
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[Class) : City (Source - Schema:schemai0.1/Ciass:City)
<Cimss Altribute>
fAttribute] : city_name
DataType : siing  Size : 30 Sel ;feise
<Map Atiribute From> :
Altribute :city_name Clasa :City (Path :City) Schema echemaiQ.1
DetaType :String Size :30 Set: faisa
Aftribute :lesves_from_city Class :DaiyTrevel Schema :schema10.2
DataType :Sifng  Size :25 Set :ialse
Altdbute :ends_ai_city Class :CailyTrevel Schema :schemal(.2
DateType :Siing Size ;30 Set:faise
[Attribute] : population
DataType :double Siza:0 Set:faise
<Map Attributa From> :
Aftribute :population Class :City (Path :City) Schema :schema10.1
DataType :Real Size.0 Set:false
{Attribute] : state
DataType : siring  Size: 26 Sat:false
<Map Aftribute From> :
Aliribute :state Class :City (Pueth:Clty) Schema :schemai(.1
DateType ;Siring Size :26 Sat : fulse

[Class]  :SpecialTour (Source - Schema:schemat0,1/Class:SpeciaTour)
Parent : SpecisiTour_DailyTravel
<Class Semantic>
Semantic : type-of-lour  Value : special
Map function : false
<Class Attribute >
[Attribute] : price
DataType : double Siza:0 Set ;false
<Muap Altribute From> :
Altribute :prica Class :SpeciaiTour (Path :SpeclalTour) Schema :schemat0.1
DutaType:Rea! Size 0 Set;fulse
[Attribute] : date
DanType : dring  Size: 10 Set:false
<Map Aftribute From> :
Aftribute :date Class :SpeciglTour (Path :SpeciaiTour) Schema :schemai0.?
DetaType :String Size ;10 Sat :feisa
{Attribute] : requesting_org
DamType :string  Size:26 Seof:faise
<Map Altribute From> :
Attribute :requesting_org Class :SpeciaiTour (Path :SpeciaiTour) Schema :schemat0.1
DateType :String Size 226 Set: false
[Aftribute] : end_at_city
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DataType : City Set: false

<Map Attribute From> :

~ Attribute ;ond_al_city Class :SpeclaiTour (Path :SpecialTour) Schema :schemai0.1
DutaType :City Set ; false

{Class] :Bus (Source - Schema:schema10.1/Class;Bus)
<Class Attribute>
[Attribute] : bus#
DataType :integer Size:0 Set:faise
<Map Attribute From> :
Aftribute :bus#t Class :Bus (Peth :Bus) Schema :schemat0.1
DataType :integer Size 0 Set:falss
[Attribute] : number_of_seats
DataType :integer Stze:0 Set:falsa
<Map Aftribute From> :
Afiribute :number_of_seats Cisas ;Bugs (Path :Bus) Schema schermat0.1
DataType :integer Size:0 Set:false
[Attribute] ; manufacturer
DataType : string  Size:356 Set:false
<Map Aftribute From> ;
Afiribute :manufacturer Class :Bus (Puth :Bus) Schema :schema10.1
DataType :String Size :36 Set ; faise

[Class] :Bus_Tour (Sourca - Schema:schemat0.1/Class:Bus_Tour)
<Class Altribute>
[Atiribute] : tour
DataType : SpecialTour Set: falesa
<Map Aftribute From> :
Aftribute ;tour Ciass :Bus_Tour (Path:Bus_Tour) Schema :achemal0.1
DataType :SpeciaiTour Set:false
[Attribute] : buses
DataType : Bus Set ; faise
<Map Attribute From> :
Aftribute ;buses  Class :Bus_Tour (Path :Bus_Tour) Schemna :schema10.1
DutaType :Bus  Set: false

[Class}] :DaiyTravel (Source - Schema:schemat0.2/Class:DailyTravel)
Parent : SpecialTour_DailyTravel
<Class Semantic>
Semantic : type-cf-tour Valua ; daily
Map function ; false
<Class Attribute>
[Atiribute] : stops_at_city
DataType : sting  Size: 30 Set:true
<Map Aftribute From> :



Attribute :stops_at_clity Class :DallyTravel (Path :OallyTravel) Schema :schemai10.2
DataType :String Size :30 Sat:true

[Class] :Reservation (Source - Schema:schema10.2/Clase:Resarvation)
<Class Altribute>
[Atiribute] ; travel
DetaType : DallyTravel Set : false
<Afiribute Related in Aggregated Class> : DailyTravel
Afiribute ; stops_at_city
Map Attribute From :
Attribute:stopa_at_city Clase:DailyTravel Schemaischemal0.?
<Map-Attributo From> :
Attribute :travel Class :Resenvation (Peth ;Resanation) Schema :schema10.2
DetaType :DailyTrave! Sai : false
[Attribute] : passanger
DataType : Passenger Sat:false
<Map Attribute From> :
Aftribute :passenger Class :Reservation (Path :Resarvation) Schema ischemal10.2
DataType :Pussenger Set : fulse
[Attribute] ; date
DataType : string  Size: 10 Set:false
<Map Attribute From> :
Attribute :date  Class :Reservation  (Path :Resansation) Schema :schema10.2
DataType :String Size (10 Set : false

[Class] :Passenger (Source - Schema:schamat0,2/Clasa:Passanger)
<Class Altribute>
[Attributs) : last_name
DataType :siring Size: 26 Set:falsa
<Mgp Aftribute From>;
Aftribute :last_ name  Class :Passenger (Puth :Passenger) Schema :schemaf(.2
DataType :Siring  Size :25 Set : faise
[Attribute] : amrives_in
DataType :sting Size: 30 Set:faise
<Mgp Aftribute From>:
Atiribute :arrives_in  Class :Passenger (Path :Passenger) Schema :schema10.2
DetaType :Sting Size :30 Set: false
[Attribute] : leaves_from
DataType : string  Size : 30 Set:false
<Map Altribute From> .
Afribute :leaves_from Class :Passenger (Path :Passenger) Schema :schema10.2
DataType :String Size 30 Set:faise

[Qass]  : SpecialTour_DailyTravel
<Class Semantic>
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Semantic : type-of-tour Value : daily,special
Map function : true
For Semantic :
- type-of-tour = special{Schema:schamat0.! Clasa:SpecialTour)
type-of-our = dally{Schema:schama10.2 Class:DailyTravel)
<Class Attribute>
[Attribute] : trevel#
DataType :integer Size:0 Set:faise
<Map Attribute From> :
Aftribute :travel#  Class :SpecialTour Schema :schemal0.1
DataType :Integer Size:0 Set:false
Attribute traveiy  Class :DaityTrave! Schema :schemai0.2
DgtaType iIntfeger Size:0 Set :felse
[Aftribute] : start_at_city
DataType : City Set: false
<Map Attribute From> :
Aftribute :start_at_city Class :SpeciaiTour Schema :schemai0.1
CataType :City Set: false
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SQL> create type {_faculty as object
( NAME VARCHAR2(10),
CODE CHAR({4),
ADDRESS VARCHAR2{(20),
SCHEMA VARCHAR2(15)
b
SQL> create type t_person as object
{ NAME VARCHAR2(30),
TALL NUMBER,
WEIGHT NUMBER,
SCHEMA VARCHAR2(15)
)
SQL> create type t_project as object
{TOPIC VARCHAR2(26),
YEAR CHAR(4),
BUDGET NUMBER,
SCHEMA, VARCHAR2(15)

%

SQL> creats type {_research as object

{ FUND_SOURCE VARCHAR2(20},
PAPER_PUBLISHED VARCHAR2(30),
PROJECT REF T_PROJECT,
SCHEMA YARCHAR2(15),
TOPIC VARCHAR2(26),

YEAR CHAR(4)
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SQL> create type t_teacher as object

( PERSON REF T_PERSON,
TITLE VARCHAR2(25),
RANK VARCHAR2(25),
PROJECT REF T_PROJECT,
SCHEMA VARCHAR2(15),
NAME VARCHAR2(30)

%

SQL=> creeta type t_student as object

( PERSON REF T_PERSON,
GRADE CHAR(1),
ADVISOR REF T_TEACHER,
FACULTY REF T_FACULTY,
SCHEMA VARCHARZ2(15),
NAME VARCHAR2(30)

)

SQL> create or replace view faculty of t_faculty with object oid(schema,code,name)
as select a.name,a.code,a.address, iocal1_1"schema from local1_1.faculty a
union

select b.faculty_namse,'—',b.faculty_address, locali _2'schema from local!_2.student b;

SQL> creats or repiaca view person of {_person with object oid(schema,name)
as select a.mame,a height,a.weight,tocai1_1' schema from locali_1.student a
unicn
seiect a,name,n.haight & weight,‘local1_1' schema from localf_1.ieacher
unien

select a.name, a.tall*100,a.waight.'locait_2' schema from local1_2.person a;

SQL> creaie or replaca view project of I_project with object aid(schema,topic,year)
as select lopic,year,budget,'local1_2* schema from local1_2.project
union

select topic,year,budget.'iocal1_1' schema from locat1_1.research;

SAL> create or replace view research of {_research with object oid(schema, topic,year)
as select a.fund_source,e.paper_published,ref(b)project,
'locali_1'schema,a.topic,a.year from local1_1.research a,project b

where b.scheme = ‘local1_1" and a.topic = b.iepic and a.year = b.year;



SQL> create function map_grade (gr in char)
return varchar
is
¢ varchar(1);
begin
if(gr="1"} then
=D
elsif (gr="2") then
g:="C";
elsif (gr="3") then
=8,
elsif (gr="4") then
g:=A"
eisif (gr="A") then
g:=A;
elsif (gr="8") then
g:='B"
sisif (gr="C") then
g=C;
elsif (gr='"D") then
9:='D"
end if;
retum g;
end;

/

SQAL> create or replace view student of {_student with object oid(schema,name)
as select ref{a)person,map_grade(b.grade)grade,ref{dadvisar, ref(c)faculty,
‘locel1_1'schema,a.name
from perscon a,locali_1.studenl b faculty c,teacher d
where a.schema = "local1_1' and a.name = b.name and
c.schema = ‘local1_1' and c.code = b.facully.code and
d.schema = Ylocal1_1' and b.advisor.name = d.person.name
unien
sslaci ref(a)person,mep_grade(b.grade)grads,ref{d)advisor,ref(c facully,
‘local1_2'schema,a.neme
from parson a,local1_2.student b, faculty ¢.teacher d
where a.schema = 'local1_2' and a.name = b.person_id.name and
¢.schema = ‘local1_2' and c.name = b.faculty_name and

d.schema = ‘locali_2" and b.advisor.person_id.name = d.person.name;
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SQL> creats or replace view teacher of {_teacher with object oid{schema,name)
as select ref(a)persan,b.litle,b.rank,ref(c)project,local1_1' scheme.a.name
from person a,local!_1.1eacher b,project ¢
where B.schema = 'locali_1"end a.name = b.name and
c.schema = 'iocal1_1' and c.topic = b.projectiopic and
¢.yesr = b.project.year
union
selact ref(a)person,b.titie,b.rank,ref(c)project,'iccal1_2' schema,a.name
from persan a,Jocel1_2.teacher b,project ¢
where a.schema = 'locali_2' and a.name = b.person_id.neme and
c.schema = ‘locall_2' and c.lopic = b.projectiopic and
c.year = b.projectyear;

SQL> create type |_color as cbject

( RED INTEGER,
GREEN INTEGER,
BLUE INTEGER

% |

SQL> create type i_car as object

{ COMPANY VARCHAR2(20),
MODEL VARCHARZ(15),
SPEED NUMBER,
COLCR REF T_COLOR,
GRADE VARCHAR2(25),
SCHEMA VARCHAR2{15)

%

SQL> create or replace view calor of {_color with cbject oid(red,green, biue)
es select red,green,biue from locals_2.color;

SQL> create funclion map_color_name

{r integer,g integer,b integer)

retun varchar

col L_color;

col_name varchar2(25);
begin

if(r=0 and g=0 and b=0)then

col_name := 'black"



alsif(=255 and g=255 and b=255)then
col_name :='white";

elsif(r=200 and g=250 and b=260)then
col_name :=‘brown’;

end if;

relumn col_name;

end;

SQL> create function map_grads_car
(gr varchar)

return verchar

gmame verchar2(25);
begin
igr="High')then
gmame := ‘oulstanding’;
eisif(gr="Medium")then
grname ;= 'satisfactory';
elsif(gr="Low’)then
gmame ;= ‘unsatisfactory';
else grname :=gr;
end if;
return gmame;
end;

SQL> creats of replace view car of {_car with object oid{schema,company,mode!)
as select a.company,a.model,a.speed,ref{b)calor,
map_grade_car(a.grade)grade, locals_2'schema
from locals_2.car a,color b
where a.color.red = b.red and a.color.green = b.grean and
8,color.biue = b.blue
union
select a.company,a.model,a.speed, ref(b)color,
map_grade_car(a.grade)grade, iocal5_1'schema
from localS_1.car a,colorb
where map_color_rmme(b.red,b.green,b.blue)=a.color
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Integrating OODB Schemas Using Heuristics and Richer Semantics
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Chulalongkom University
Bangkok, Thailand
'E-mail; 20471521 @student.chulaac.th *E-mail: stwittie@chula.ac.th

Abstract; The correctness of an integrated database schema, resulting from the integration of two
database schemas, relies on the richness and precision of their semarntic information that identifies
their similarities and differences. This paper reports a progress in our work that proposes to
improve the method for schema iniegration. In our method, heuristics that defines the level of
relationships betweer the schemas will be used and semantics of the classes that constitutes the
schemas as well as their integrity constraints will also be considered. With this additional semantic
information, the integration would produce an integrated schema that is more semantically

compiete without generating information loss.

Key words: Schema integration, Semantics, Heuristics, Integrity constraints,

1. Introduction
Schema integration is a process for multidatabase
systems that constructs a global schema by merging
pre-existing heterogeneous local schemas. This
allows database users to transparently retrieve data
from moltiple heterogeneous sources via a single
read-only view [1}. The schemas that are integrated
tend to be in the same context but are designed by
different database designers (c.g the schemss
represent the employee databases of different
branches of a company). This will result in several
kinds of semantic heterogeneity such as name
conflict (same information represented by different
names), structure conflict (e.g same information
represented as a class attribute in one schema and
&s & class in the other), and sealing conflict (e.g an
attribute ‘salary’ with different currencies in
different schemas) {2). To integrate two schemas,
the database integrator must understand the
meaning of the schemas very well and can identify
the similarities and differences in the scmantics that
underlies the schemas,

Several rescarch works suggest ways to
integrate two object-oriented schemas {3, 4, 5, 6, 71.

Primarily, the integrator is required to supply -

semantic information on attributes of classes in the
schemas so that simifanties and differences
between those classes can be identified. Such
information will be used to decide how the data in
the two databases should be classified when the
schemas arc merged and how the resulting classes
relate. This paper proposes thalt more semantic
information, apart from the semantics of class
attributes, can contribute to better integration. Our
method additionally considers class semantic which
is the meaning hidden in a particutar ctass. Unlike
other works that allow the semantics of a class
attribute in a pair of (semantic name, single value)
format, our method allows the semantics of a class

attribute 1o be listed as pairs of (semantic name,
multiple values). The integrity constraint of each
class attribute will also be considered. With
semantic information, the relationships between
classes in the two schemas will be rated using the
heuristics that is adapted from that in [8), which is
originally designed for canonical data models, to
suit object-oriented models Apat from
equivalence and inheritance (is-a) relationships, we
also consider aggregation (has-a) and sibling
relationships in the integration process.

In the next section, our schema integration is
described with an example of the integration of the
schemas of two university databases. Note that
class methods will not be considered in our pracess.
The last section concludes the paper and discusses
further work.

2. Integrating OODB schemas

The schema integration process will be described
through an example of two university databases.
Their schemas in Figure 1 are represented
according to the grammar in Figure 2. Note that
parts of the schema definition (i.e. class names,
class attributes, and integrity constraints) are
already available from the corresponding database
but information like class semantics, attribute
semantics, and a synonym list must be specified
separately by the database integrator,

The added class semantics represents some
hidden meaning that the database designer aims for
that particular class, while attribute semantics refers
to the hidden meaning of that particular attribute in
the class. The semantics can be defined as
(semantic name, mulliple semantic values) pairs
where the semantic values may refer to a range of
values specified by operators =, #, >, <, 2, and <
To specify semantics, the integrator must foflow the
following rules:
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unit-of-height = {* on:nhmd:e 3>
weight : integer )
<attribuie semantics : unit-of-weight = {'kg’}>
subject : string
grade : char
faculty : Facultyl
advisor : Teacher]

Clagy Teacherl
Attribute :
name : string
height : real
<attribute semantics : unit-of-height = {‘cm’}>
weight : integer
<attribute semantics : unit-of-weight = {‘kg’}>
title ; string
rank : string
project : Researchi

Class Facultyl

Attribute :
faculty name : string
faculty_oode : char(4}
faculty_stadents : integer

Class Researchi
Integrity constraint : year > “1992" and year < ‘1999
Attribute ;

topic : string

year : char(4)

fund_source : string

paper_published : string

Schema2
Clags Person2
Attritate
name :
tall : real
<gitribute semantics : wnit-of-height = {*metre’}>
weight : real
<sitribute semantics ; unit-of-weight = {‘kg’} >

Class Student2 ISA Person2
Class semantics :faculty = {‘science’, ‘account’ ,’engineer’)
major = { “camputer’, ‘stat” ,*'math’, ‘electronicy’}
Integrity constraint :  grade = {*1°, 2", *¥’, ‘4’
Atiribute :
subject : string
grade :  char
faculty name : string
advisor : Teacher2

Class Teacher2 ISA Person2
Attribute :
title : string
rank : string
project : Project2
Clags Project2

Iniegrity constraint : yeur > *1990” and year < 1999
Afiribute ;

topic : string
year ; char(4)
budget : real

Synonym list :
Schemal . Student].beight > Schema2, Person2.tall

budget : real

Figore 1: An Example of Schema Definitions to be Integrated

s If two things with different names refer to the
same thing, they must be specified in 2
separate  synonym list, e.g the atribute
‘height’ in class ‘Studenti’ in ‘Schemal’ and
the atiribute ‘@i’ in class “Person2’ in
‘Schema2’ from Figure 1.

e If two things with the same name refer to the
same thing, their semantics (if any) will have
the same semantic name but the semantic
values may differ, e.g. the class semantics
‘faculty’ in classes ‘Studentl’ and ‘Student?2’
from Figure 1.

¢ If two things with the same name refer to
different things, their semantic names must
differ,

Our integration method treats integrity constraints

as another kind of semantic information since they

usually define either a) range of valuc b) how the
value of one attribute relates to that of another. In
ﬂnoctmunmaofourm;ranonmmﬂya)
mconnderecl\'lefollowthefommofthemmmty
constraints in [9] and can cater for the constraints
that are defined with the same operators used to
specify semantic values. When two atributes of the
two schemas relate, their integrity constraints will
be considered. The constraints will tell whether
some mapping is required for the representation of
these attributes in the integrated schema For
example, the attributes ‘grade’ in classes ‘Student1’
and ‘Student2’ from Figure 1 refer to the same
thing but a mapping is required (o0 map their values
to a chosen grade format (i.e. either alphabetic,
numeric, or other farmat) when the two ‘grade’
atiributes are merged into one in the integrated



<schema> = <gchema-npame> <class-list>
<schema-name> ;= <schema-name 1> | <schema-name2>
<schema-namel> .= string

<schema-name2> = string

<class-lig> = <clase> | <class> <class-list>

<class> = <classDefinition> [<attribute-list>]

<classDefinition> ::= <class-name> [‘ISA’ <class-name>) [<integrity-constraint>] [<class-scmantic-list>]

<class-name> = string

<integrity-constraint> ::= <inlegrity-constraint> + ‘AND" + Qnmty-omslmnb |
<imtegrity-constraint> + ‘OR" + <integrity-constraint> |
‘NOT’ + <integrity-constraint> |
<attribute-name> <compare-operator> + <pumeric-string>
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<compare-operator> ==, %> <> <
<numeric-string™> 7= mumeric | string

<attribute-name> ;= string

<basicType> =
<length> ‘= numeric
<setType> = ‘(' + <aitribule-type> + °}’

(‘Scale’ + =’ + <scale>]

<class-semantic-list> ;= <meaning> | <meaning> <class-semantic-list>
<attribuate-list> ::= <attribute> | <attribute> <attribute-list>
<aftribute> 1= <attribute-name> <attribute-type> [<atiribute-semuntic-list>]

<attritite-type> = <basicType> | <sctType> | <class-name>
‘INTEGER' | ‘REAL’ { ‘CHAR’ + (" + <length>+ )’

<attribute-semantic-list> ;= <attribule~-semnantic>- | <gttribute-semantic>-<attribute-gemantic. list-
<attribute-semantic> ;= (‘Meaning’ + <meaning>] |
[*Dimension’ + <dimension> + ‘=" <mitOfMeanmre>] |

<meaning> = <meaning-name> + ‘=’ + <meaning-value-list>

<meamng-vatue-hsl> <meaning-vahie-list> + ‘AND’ + <meaning-value-list> |
<meaning-value-list> + ‘OR’ + <meaning-value-list> |
‘NOT’ + Qmmg-valun—hsb |

Figure 2: BNF Grammar for a Schema Deflnition

schema. In fact, how the constraint of ‘grade’ in the
integrated schema would be is not so critical
because the integrated schema is read-only, the
constraint of ‘grade’ in the integrated schema could
simply be a union of the constraints from the
original schemas.

2.1. Schema comparison

Schema comparison is based on class comparison
to find out the relationships between classes in the
two schemas, In class comparison, pairs of classes
from the two schemas are picked one by ane, and
class semantics comparison, attribute comparison,
and infegrity constraint comparison are conducted
to find the relationship that this pair of classes have
with cach other (Figure 3),

2.L1. Semantic comparison for classes and
attributes

Semantic comparison is based on some heuristics
that is developed from [8). The heuristics is a
numeric value that tells the level of the relationship
between two terms that are compared. Let T1 and
T2 be the terms in classes C1 and C2 respectively

whose semantics are to be compared: « is the
number of semantics of T, P is the number of
semantics of T2 and a < P. Note that if T1 and T2
refer to the semantic information of the classes, we
are comparing the class semantics and if T1 and T2
refer to class attributes, we are comparing attribute
semantics,

Each pair of (semantic name, semantic values)
will be compared and a heurigtic value will be
returned according to Table 1. If the semantics pair
have disjoint semantic values, a flag is set that a
mapping maybe required to appropriately present
data values in the integrated schema. The result of
the comparison of each semantics pair will be
patheredina st R=[r, 1y, ..., ], and Ms = E 1,
wherer, e Randi = I,..., a is computed. Table 2
showst!whndofrelauonslupﬂlalTlhasmthTz

The relationship that & class C] has with a class
C2 is based on the relationship between their class
semantics and the relationship between all of their
attributes as & whole, From the method so far, we
can obtain Mgy, senaie Which indicates the kind of
relationship between all of their class semantics,
and MSuwpuropar Which indicates the kind of



relationship between a particular pair of their
attributes. To obtain Msy.amiee Which will indicate
the relationship that C1 has with C2 with respect to
all of their attributes, all ‘s values (c.f. Table 2),
cach returned from the comparison of a particular
pair of attributes, will further be gathered in a set
Rﬂlm = [sl! 8, sli:l] where oc is the
number of attributes in C1. Then, M&yy e = L &
where 5 € S, i = 1,..., ag is computed. Again,
Msi aribim Wil be checked with Table 2 for the
relationship that the attribtes of Cl have with
those of C2. With the relationships derived from
M8uins semastion ANA MByij seiribuces, WE € obXain the

(compare each peir of class
suxmantics as in gection 2,1.1)

Attvbute comparison
{comypers each pair of g
attributes & in section 21 2)

v
O#1 relationship of classes from mevils
rei wmed by clags semantics comparison
and eftnbute comperieon (Table 3)

YES NO

related
(vot disjoint)

peir of ntegity Stop

[

Figure 3: Class Comparison

Table 1: Result of Comparison of Each

Semantics of T1 with That of T2
BRI
e
Same Subset 1
Samc Disjoint 0.1
Same Overlap 0.1
Different Any 0
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Table 2: Relationships of Terms with Semantic
Consideration

e M i iEEEE*EEEEE

o

> Y 1
> Yo 1
> Yo ]
< Yt 0
af0.1) 0.}
0 0

relationship that C1 has with C2 from Table 3. See
Section 2.1.3 for detailed example of semantic

comparison.

1.1.2. Attribute comparison
The comparison of attributes in two classes is based
on the comparison of attribute semantics (as in
Section 2.1.1) and the comparison of data types of
the atrributes (Figure 4).
Asseeninﬂ:cmviomsecﬁmtherdaﬁonslﬂp
that a class has with the other class is (partially)
determined by the semantics of attributes. Data
types of the atfributes are not taken into account in
that respect but the comparison of the attribute data
types will still be useful to determine if any
mappings are necessary 1o map data values of the
related attributes when presented in the integrated
schema. When two attributes are related and their
dmtypesarcdiﬂ‘etentprﬁniﬁvctypes.omtype
will be, if possitle, automatically coerced, by the
database system that undedies the integrated
schema, to the other type, &.g. integer is coerced to
real. Otherwise, the integrator must define a
map;ingmmapvaluesofthetwotype&lfanyof
the compared types is a class, it will be expanded to
mmmammﬁmmmwm
Such expansion of the class is how we take care of
the aggregation relationship.

2.1.3. Example of a class compgrison

Figure 5 shows the comparison of classes
‘Studentt’ and ‘Student?’ from Figure 1. The
companson follows the steps in section 2.1.]1 and
2.1.2. The result is that ‘Studentl’ has class
semantics and set of attributes that are equivalent to
those of ‘Student2’, and therefore ‘Studentl® is
equivalent to *Student2’,
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Compare attrbute

h

wn reletionship valoe of

Teppog Ik Roquired ¥ atirdat es(if synoaym, mium 1)
map aitrbute with primitive #1(if not have samantic defined for

type to class type & data type i both et tributes, wtarn 1)
class type when inteprated

Figure 4: Attribute Comparison

2.2, Schema integration ¢ If a class has a sibling relationship with the
Schema comparison results in the relationship other, a new genemalised class is introduced.
between each pair of the classes that are compared The common attributes in the two classes are
being identified (i.e. equivalence, superclass, or | moved 10 the generalised class and the two
sibling). From the result, the rules below are classes have is-a relationship with the
followed to construct a new integrated schema: generalised class.
o If a class has an equivalence relationship with
the other, merge them into one class. 2.3. Linking integrated classes
* Ifaclass has a superclass relationship with the From schema intcgration, some resulting classes in
other, the latter has is-a relationship with the the integrated schema may be connected and some
former and its common attributes are may not, e.g. classes in one schema that have no

removed,
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Student aculty is subsct of Student2, facnlty, Studentl major is subset of Student2 major

Relationship = Sibling
Retrtase par(Welght)
* Ruwiusnpei Weight) = [1]  Msempusepur =1 =1
Restvan pas(subject)
. Sagjea= 1
Recrttste- pai(grude)
" Spae=1
Reurtons pue(faculty)
and the same name as Student2 facalty name.
" Soonry =1
Retntrese-gur(advisor)
& Satiper = 1
Ratezrineas = [1,1, 1, 1, 1, 1, 1]

Student} height has disjoint semantic value with Person?.1all while they are synonymous
" Ry pur(height) = [0.1) <mapping required> MSyribute pair = 0.1 a=]1 Result = Val-disjoint:
" Shaght = | (synonymous)

Student].subject has no semantics and the rame name a5 Student2.subject

Student] faculty has different name fram stiudent2. facul

Student] .advisor has no semantics and the same name as Student2 advisor.

Msgemibum =7  O¢ =7

5o Rejass-somantics = [1, 1] | [ P—— a=2 Result = Equivalence Relationship = Equivalence
| A1) _
Student] name bas ne semantics znd the same name as Person2. name = return 1
S Begre = 1
Reartvue puc(height)

= return 1

Student].weight has the game semantic name and sementic value with Person2. weight
Result = Equivalence  Relationship = Equivalence .- Baaigre = 1
<mapping required far integer and real data type>

= retum 1

Student] .grade has no semantics end the same name a5 Student2.grade = return 1

ty_name. The type Faculty] of Student!.faculty is expanded to
get the attribute faculty name to be compared with Stdent2.faculty_name. Student] faculty. faculty_name hss no semantics
= retumn 1

=rctum ]

Result = Equivalence Relationship = Equivalence

~ From Table 3, Relationship sy comenss + Relationship 5 wrriwe ® Equivalence + Equivalence = Equivalence

Figure 5: Comparison of Clasgses Student1 with Student2

Table 4: Result of the Comparison of Classes from Figure 1

ifo? i feii® J iy
Person2 _Superclass Superclass Digjoint Disjoint

| Studen? Equivalence | Sibling Digjoit | Disjoint
Teacher2 Sibling | Equivalence [ Disjoint Digjoint
Project2 Disjoint Disjoint Digjoint Superclass

relationship with any classes in the other scherma.
The final step is to link these classes into the
integrated schema using is-a or has-a relationships
that these classes have with other classes in its
original schema,

2.4. Example of integrated schema

Pairs of classes in the two schemas in Figure 1 are
compared in a similar manner to ‘Student!* and

‘Student2’ in Figure 5. Table 4 shows the results of
the comparison of the pairs of the clagses and
Figure 6 presents the final integrated schema of our
university example. Note that a mapping is required
to map the height values of the data retrieved from

the two databases to & chosen unit of measurement
for the class ‘Person’ the integrated schema. Also,
the attritate ‘grade’ in the merged clags ‘Student’
in the integrated schema will be associated with a
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Class Person
Aftribute :

<aftribute genantic :  unit-of-weight = {‘kg'}>

Class Student ISA Person
Class semantic ;  faculty = {*science’, ‘account’ ,’

Aftribute :

faculty : Faculty
advisor : Teacher

Class Teacher 1SA Person

Attnibuie :
title : su'mg [Teacher].title, Teacher2.title]
rank : string  [Teacher).rank, Teacher2.rank])
project ; Project

Class Faculty
Attribuie
faculty_name : siring
Iaculty_code ; chan(4)
Clags Project
Attribute :
year : char(4) [Research].year, Projeci2. year]
Clas Research ISA Project

Attribute :
fund_sotree : string

subject : string [Studer].subject, Student2. subject]
grade : char  [Student].grade, Student2. grade]

Integrity constraint : year >*1990" and year < '1999°
topic : string  {Research].topic, Project2 topic]
budget:real  [Reaearch!.budget, Project2. budget]

{Researchi.fund source}
paper_published : string  [Researchi.paper_published)

name : siring  [Studenti.name, Teacher].name , Person2.name]
height: real  [Student}.height, Teacher]. height, Person2.tall} ing ¢ :
weight : rea)  [Studem). weight, Teacher).weight, Person2. weight] <snapping integer to real required>

<mapping centimetre to metre required>

major = { ‘computer’, ‘stat’ 'math’, “clectronics'}

<mapping the possible value reguired>

[Faculty).facolty_name, Student2. faculty | mmc]
[Faculty].faculty code]
faculty_students : integer [Faculty].faculty students}

Figure 6: Integrated Schema of University Databases Example

mapping that maps the grade values of the
conflicting integrity constraints to a constraint of
chaice.

3. Conclusion

More semantic information that are considered in
our schema integration method, i.e. class semantics,
integrity constraints, and richer semantic
definitions, will contribute to better and more
accurate integration of the schemas. However, the
work is still in progress to define a more complete
table of relationships of classes (c.[, Table 3) based
an more various combination of class semantics
relationships and all-attributes relationships. A
prototype of the integmation method is being
constructed to test that the information retrieved

from a resulting integrated schema is the same as’

that scparately retrieved from the original schemas,
i.. the integrated schema does not incur

information loss. We also plan to study if our
method produces pgood imtegrated schemas
according to the software matrics used to measure
and evaluate object-oriented models.
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