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Abstract

Lack of support for Entity-Relationship (ER) semantics in
object-oriented programming languages (OOPL) remains a key roadblock to
the effective object-oriented systems development. We extend the
object-oriented programming language Smalltalk with Entity-Relationship
semantics including entity integrity constraints, cardinality constraints, and
set-oriented data access. The meta-classes: PermanentObject, EntityObject,
Relationship, and JoinClass provide the necessary structures and operations
to support Entity-Relationship semantics. These meta-classes greatly reduce

efforts to implement an Entity-Relationship model into an object system.
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. A9 WA

A Ag Al2d AL 7ddA & A71& 92 ArHGuttman and
Matthews, 1995). AHME YL Al~gld gt dg HFo| 715817 dFd
HFHQ dolel/zg24~ mdruc AEzzr osfstr] ¢ AA A Ay
MzZE BAS 7Y T2 4 FHLAE AEEE £ Y7 WE
o AEHY AT ¥Yrd o ZgHo%an ¥r{Yourdon, 1994; Rumbaugh,
et. al., 1991].

rlo

oz AAZ AdA AA BES JE Aagleor FAIdsdE B &
dol Wasith o] BAE dFE A NG A7t AgH mdo onE FE
3] A YatA] e oA 71¢goHLing and Teo, 1993; Bertino, et. al., Kilian,
1991]. HARFA 2 A AEEl(entity)s BEF Hlolgt £ A4S TH3HA
&= FdA(class)E A 2lH W A (relationship)s APH oz IUEHE ol
8t F @ I [Narasimhan, et. al, 1994]. o|H 3¢ $E 71229 Eole] &4
gt A2, vetd ol Elmetadata)E ¥ 5 grh. F AMSAZE 71E3FHR
BA Y F2E olsiste Aol oH E AY4xAES FYstcd= dedelg
7t 2837] WEe] AYxzdL JYPsie vAa=(method)E TR 4R
Bk 2R, 449 ey ZYid FzFEAH L 71EHQ dEE/A
A AF 21L& AYste WL (method)Eo] FEH okt ok AAZ, #A
g AooloA FE@37] A& A (query)7t AAAFAAANME 2+ A +&
dlxe] AL a7 Wi A3 HEPF] oG ol FAE H
JHE S T3t FA(dE EY, 2AJoin))oN A E A&
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2 oApddE AdA  doje Y FHE ALy AF HHgIA=
(metaclass)E( PermanentObject, EntityObject, Relationship, JoinClass)& Al <t
stu @tk ojd @ derF2se MdA delg nde FAF A AF
Nzdol Aol "o FA4e F9stA ¥ Aot ¥ =F& g go] v4H
o] it Al 2N E A slele e 7|27 sidel] A Hesta, &
A A% AaddA o)F AYH7] A% oM AFE HEY Aotk A 3
AME MEA dolg 2de FHsE o WA vekZdze Fae A4
of e AWatn A 4PN E DB HE Al 24T Zolt st B
o B oaAre] dAg FF A7 Lol oisf =& Aotk

73}»

i i = diolegl @99 J25 HE

MEd dolg 2dg AfstE A" dEE(entity)?t I &4
(attribute), & A (relationship), 214 2} (identifier), A B Erl /= ERY
(subtype/supertype) %, A2tZZ(constraints) & A& FAs o] 7}
Uz 7}AckgtHEImasr and Navathe, 1994; Teorey, 1994]. o121 @ Al=d
dlolete] the AAamat ol Ael(Z wetdlelehe] W HFY A AU
o} 3t} AEIE 91 A® A(entity-instance)s A9l ZHzbe] &4 F3} A
Qs g F dolorsth dHE(ZYA)E AddEoln AxbaAss dEY
4 glojof gl ofug} Aalel £43 AAo] Festi glE VA FH ®
& ulsta 4 glojokdtth ©f volzk Alxwlo] A7) HMME BAY =
ol date] UAEE AFAo] oo i Markowitz and Shoshani,
1993; Norrie,. 1993].
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Smalltalk [Goldberg and Robson, 198910l C++9} & AN A3 T2 1
g dojs Ed2 AdE 53 JdHES £ g YL g st 4

HEl& 2 $4E& 282 ¥4 (instance variable)2 7HA = Z822 ¥3d

O)7k Folzck z2y oW We) o] Fehsol A2VAE WA #
9e % 7Hd 5 QRS FHSE YA Ak,

& A (Relationship)® W# 2 A(embedded objects)& o¢]-&3te YAt}
|4Ae BEHY] A3l d2dA HEE BEE AAEL] IS BT F 9
o & d2d2dsE 2389 AN AHAOIDE gFez 71l ¢ Ut o9
22 Q2dx HFE AMEStd BhE AAE AT AR, 289 S4E
A £ Aok A FA did d2dx RN AL MsEA €
o 23y #AE 29 Al deste At APLe T g

I

A zae AW 7 Bzl o oot Aot 29} Helgt 7
$Pge dHES gYstE Fyxe varsd $A4A Yo 2 2Yre =
A9 drdzzt $A¢ AEA #e A £ USSR AEE FA4 (entity
integrity) AAsE WAZE bxofd Bk & 2ohat 1 2yrd e
d 2 BAC g BA At 3L FZAL =S Aok g BAE
U EE T OlY) 2 3 W Uy £k GT Ugoz ¥ad 4+ v o
G4 AL o= Fahxd @A EAToI Aol estE AsT, Atx

AL APste W2mg Agetoiole gk

o

2 a7ddE AgA dole mde FEE AU A ARA A4

rlo
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MK SAE 0|85 HEH O 2N Palo] Fot AP

2E JdEE S BAAM FAETE Ao Addd, ol A FHLES
Mkats, AEEIEo) o] FHYP2BRRE M diojet Rl ddE dER

S Qo olH e PHe MASSS ATETOIA ALY =B Fan
 9e BY ok Agas "ed we AME F Qe vedol e

FA 7t 7Hsd

it

.Y dolel 29 2HE P

2dL X

o

AdA dolgl R e YL HeldolelE A AL YoM AT
715 AFse 24 2L g FY=5H A A @ d[Elmasri, et. al,
1993]. 2 AT A= PermanentObject, EntityObject, Relationship, JoinClass#}

ZYgAg Aotsitt ol e A E IE 1604 RAAE nig)

o) A A% FE2E o1Fm Ak

i

PermanentObject® 712H delgt HAx HY FHE AFFHF
Instances, FindInstance:, AddInstance:, Deletelnstance:) °©]& EntityObject s}
Relationship®] A<wt=th  EntityObjects 71830 A4 2 {FA7153 «dFH
Bl 224 Agzes Adgses 7S AF@c. dEEE EntityObjects] A
BZHP2z2 Aol Relationshipe 2E #AAdeletE #Ysta AU S
APste 9L k. FAE Relationship®l 28122 AHoldth 7¥dAd &
doj] fa Ao SQLF ARG FHoez AddEd e MR dZ"
JoinClass®] Q128222 FHEAY. delZd2e T8 WA=Ed dsf) T
3 Aty o3 ZTHEE 10 vi=rr Ao U,
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Object
PermanentObject JoinClass Model
DMM-Retrieval DMM-Retrieval
Instances Join:using A
Findlnstance: displayResulton
ApplicationModel
EntityObject Relationship i
DDM
CreateEntity:...
CreateSubtype:. | DDM
Identifier: new:and.... Entityinterface
newRecursive:. .
Meta-DMM
Attributes Mefg-DMM
Relationships entities
Identifier max:
subclasses min:
superclass
DMM-Update
DMM-Update Connect....
Addlinstance: DisConnect....
UndoAdd: ReConnect:...
Deletalnstance
StartUpdate: DMM -Retrisval
Updateinstance: RelatedTo:
UndoUpdate: FirstFor:
DMM -Retrieval
Select:
Select:Where:
Select:Where:
OrderBy:

39 1. WgEdx AF 7=

AE El= EntityObjectoll Al 2219 319 S22 JEHEE A stets vl
M A CreateEntity: & 2o 28 Ao}, dojets}t dieluo]etE A A&t

3 frAske HAEE ooz RH FEHdnh £42 CreateEntitys] w7+

o], l2®M A W42 Hodu, ZF H£49 A H(accessor)d B (assignment)
HAiEE AFo2 ANAY EFAQ Smalltalke] ol ma}, FAs 24+ &
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dol mel WHEelct ¥ vlias ®A Hele RO Ao €98
< 713 ot o

Z+ dEE e AHAlE fias= fB2EE uARMSFEAM JHAS Identifier
gE JAAE Byosn Aoldcl EntityObjectZFE F&8 o] dlia=s
FAZ Zol JQ2dEA A= dE AT id AR ol dEE ALY
o] BUYAH, 2R Adxe] s diegio

AR Ede EntityObjectZ ¥ 8 A& ¥ CreateSubtype: e WAIAE <l
HelolAl 2oz YA A8 gdg A7 $HA Smalltalkel A T
A" AZTFRA AEHE, oed AFTEE 4 AE ol £ EYe
BE ZE WS} tADE AEEE Zﬂ—% 7be kAl gtk ey o)A AR

Bl / 5 8y F2E dERd AR ERE JHAE AF FxE A§Ed

2

r.l
)
eir
>
8
=
iU
rlr
Tu
j=s)
)
5
o
3
w
=
=3
iy
=2
>
2
K
e
o
ju
3
oX
o
i,
hul

A3t} o] M4EL FA oF, dud JdHE, IG/HAL0E TEEH £
2% oAE A W] A€}, Relationshipe dlo]gt A &3 3
M= A2E 4 JE2 PermanentObject?] A B S22 AHc) &

A7 Aelsw, 7t AeEe] BAS AMSL FAHE A2U2 d2sst YA

7} o E{El= EntityObject2FE dloje} A4 FHE AHwer, o=
SQLF W3 vlA= Select:Where OrderBy:& E&83 v} o] wjA]#] ¢

o7l MFES 9d dHE e Jd2d250] W Z2AMH(projection), HHA4A
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(selection), & (ordering) 282 A &gt} o] dlAIA e 41421 dHEE &
e diele] Aol Aeg AAdE JoinClassy Q2¥WA2E digdic 2

£ displayResultOn: o2t HAIAE Riog A3y}

B4 deEld] g Aol =& JoinClass®] Join‘using oleh= WAl ¢
s AQdct A AHA vz} W52 G2 JoinClass 1482, F |4 wj7) ¥
Z #AZ2 £33 AA7 JoinClass Q=B 2o BUA|HE, of HAAE %4
dAAre] AL XEsE MEE JoinClass Y2HAE 433, JoinClass? 2
HAga2 Ay E(query graph)® TA L Join‘using: °lets WAIRE
o] &3] Alo}Z 3} recursions EFIE g WALz H5e dEHHE F
Ay FAeeg FHEF 4 ot A displayResultOn: °olgts HAAE
JoinClass QIA&® 2o A Byo2H daPgr}

IV. & Al

of FellMe 9o WEelZdHLE IS AFH doly 2d F3 HEE
AL ARstzal sch g 29 sid A diolel 22E FH3Y] Sld Fad
AR e oleiel 2ok gL Smalltalkel M 43 e 232 PECIH. (Demo
= ANZfE Fd2Eol AAHAE  Smalltalke] ¥ F(category)o]T}.

[VisualWorks, 1994])

EntityObject CreateEntity: #Employee attributes: ‘eno ename ssn eaddress

wageRate’ under! 'Demo’.
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Empioyss
0o Depertmaet
wname Reports
san W } %m
S0eRL
wageRate budget
13A, /1\ 15A
1 }
T2 _NT Manages
O o
—— [Wanage ]
Tarritory
cartvamoar il
Services
Obtaing Cuslomer
]
crame
caddress
cradRLimt
terms
Order Places Product
one
dateOrdered E'E
cateWanted B ysarptan
dateShipped u
sripvia
ekt u-:na
tax o
Cortaing ol
Lineltem
linaNo
ordarGuantty
shipQuantity

29 2. AdA dolg 2 ALY

EntityObject CreateEntity: #Department attributes: 'dno dname budget’ under:
"Demo’.

EntityObject CreateEntity: #Customer attributes: 'cho cname caddress creditLimit
terms’ under: 'Demo’.

EntityObject CreateEntity: #Order attributes: ‘ono dateOrdered dateWanted
dateShipped shipVia freight tax’ under: "Demo’.

EntityObject  CreateEntity:  #Lineltem  attributes:  ‘lineNo  orderQuantity
shipQuantity” under: 'Demo’.

EntityObject CreateEntity: #Product attributes: ‘pno pDescription unit goh

listPrice cost’ under: 'Demo’.
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AR B £REs A48 348 qANS mdezs 44dT

Employee CreateSubtype: #SalesPerson attributes: "territory carNumber'.

Emplovee CreateSubtype: #Manager attributes: 'visaNumber’.

7 A0 dE AdrEA Mg AdrHA Wiyt A4 et Managerst
SalesPerson Employee2] A B Z# 23 Aodt}t Managerst SalesPerson

EmployeeZ5E ZE £A3 WA E A&H¥ert

#AE Relationshipe]l FAF oAxg Rdozy FHEdManys 2
A4 ko] global ©42 AAET).

Relationship new: Employee and: Department withMin: 0 andMin: 1 withMax:
Many andMax: 1 named: '‘Reports’.

Relationship new: Manager and: Department withMin: 0 andMin: 1 withMax: 1
andMax: 1 named: 'Manages’.

Relationship new: SalesPerson and: Customer withMin: 1 andMin: 0 withMax® 1
andMax: Many named: 'Services’.

Relationship new: SalesPerson and: Order withMin: 1 andMin: 0 withMax: 1
andMax: Many named: ‘Obtains’.

Relationship new: Customer and: Order withMin: 1 andMin: 0 withMax® 1
andMax: Many named: ‘Places’.

Relationship new: Order and: Lineltem withMin: 1 andMin: 0 withMax® 1
andMax: Many named: "Contains’.

Relationship new: Lineltem and: Product withMin: 0 andMin: 1 withMax: Many

andMax: 1 named: 'Sells’.
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Ao z AeEHd ta) AWart Fean

Employee Identifier: "eno’.
Department Identifier: "dno’.
Customer Identifier: 'cno’.

Order Identifier: ‘ono’.

Lineltemn Identifier: 'Contains lineNo'.

Product Identifier: "pno’

Employee, Department, Customer, Order, Productt S #3212 <lEg go]n,
359 AEAE dYdt £40)tt Lineltem Orderdl £%5o] b ol
Order$} LineltemAtel®] Contains#AE digslzl 98 AHE w2z
Contains7} Aol 3= oglt) Manageret SalesPersone Employee] A
B Eoln, A2 1 EIQJORRE ‘eno'E ASWET 99 AIYE

= WdH dolEl B g SH(1Y 3% o) §dte AyE Fx gk

TSE-R Maintenance

Entities Altributes Relationships
Departraent [#] [dno Manages
Employee dname Reports
HourlyEmployee budget

PayCheck

SalariedEmployee
SalesPerson
TaxState

i ,
A W & el 1

a9 3. AdH delg 2d Ao 4
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oefdiolets IR 19 Meta-DML WA =g ol &3t Fodd + g Z
SlEJE] = A9l Attributes, Relationships, subclasses, superclass& e E

o)t} z} TA = AHAle entities, min:, max: € HEE ¢+ Ao

golgts ggn e BHoz Badd. dHES M2 Wi
EntityObject2 328 A& ¥ new WA E AejElel 2oz A4dH.
HE clxElro] £4F e AAHY ¥ WASE o &3ta AAHAY. #A
= AXE B HA2=g o)gdd fxgd. d& EY, Employeest
Department® @ 7A3E ReportsZhe #BAZ ALY o, d2dL fi=x]
Reports: £ Employee$} Department %=l AAE T} o= FAAE AL
gag ojrse b AHEs Ad2d2F dAHED o W Relationship]

o 2 =¢l Connect:and:using:2 ©] &3t}

—d

>

M2e dxere £43 @A RE gEo dHHAUE o, 2 A~H
v (AL ujs¥$2 Addinstance: MAIZE AAo] &7 AEHAA B
ZM &g 7AxA 9o o] WA= EntityObjectZX-8 d&d Zolx,
ZAR A 24 BU8n FPET gy & ¥ FALe g 2
o] F7tg F Uth.

o
I~Ul°

rn

e = Employee new initialize.

(e getValues isNil) ifFalse: [Employee Addlnstance: el.
o]7|M initialize = employee®] BE £A3 #FAE 2ES 7E gL

=
2715130 getValues: Wolet 18 HUL melFw HAAY £33 A &
o oy ga AR 45 FEAT (o] W AT Holg Y A
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B onild Eopdicl) o] vi=ge szt ofsia Agsofor Fr)

dolgts b33 22 Myes A5k AdA a2 ujf
T2 AHAE 7IAE Findlnstance: "IN AE dEEA Blloaxy Hag
T Aok AAEHYE, A2EAE YA A o Ao £43 AAE dEE &
H, THLMIIFI000 FAHe FAH W5 E FAs @ o,

(Employee FindInstance: '1000’) Reports dno.

ufFiA 2 100070l et S 7V Findinstance: WA 27} BUlo] &S

o, Employeet 3 @3l= emplovee 9I2EHAE tigdshc}. £3F Reports A A

]

wow 71 employee 1&W A 271 %3 department 1AW AE WlEg
t}. dnogte "iAIAE ¥wew I department A2EAE 2419 dnoE dgd
o}

7433 Ao= Select:Where:OrderBy: e HA]AZE A4 dejge B
doZH Jojd = gl & EYW, 4ExlE=oR 9fFo] $100,000 oj4el =

£ 2499 WS o152 welFE 0B Tt 2ol £ 4 U

(Employee Select: ‘eno ename’ Where: ['e | e wageRate > 1000001
OrderBy: [el 2 | el id <= e2 id]) displayResultOn: Screen

=% A= Join‘using: v AR E HAF JoinClass 148l 2o B
228 Aot Employeedt DepartmentZ Report#AE o] &3l 2913}7]
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ah gt 2ol & 4 sloh

(Employee Select: ‘eno ename’) Join: (Department Select: 'dno dname’) using:

'Reports’.

A 89E 292 5 Ao = Joinusing: WA FAe Azt
Join-using: MAAE A48E JoinClass 92207l @&, Join *2H4
oz £3y" F Jrh. AP} 25 ¥A, 2B Aulzdte 2AE ¢7)
9ls], SalesPeople® Department® Reports@#AZ A#s, 2 Z3tol

Customerg Services# A2 A g3l

((SalesPerson Select: ‘eno ename’) Join: {Department Select: 'dno dname’) using:

"Reports’) Join: (Customer Select: ‘cno cname’) using: "Services'.
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2 47 AA AF A2ddA AEA dojg 2de AY AL o
At okl 9] E2fA-PermanentObject, EntityObject, Relationship,
JoinClass-= 7Hd 2] dlolet mdo] Aol fx, Haol A5 Fx¢ AL
A& #et

oH

TRy A AAYE o WM #AHEE sAm o ol B A
7o FF AT FAlelch WA old AMoFzziol FAAL e A& AtEE, I
AAE HaEd u2 Ao =0 e Aie g 7AYo FF A7 FHaAt
d Aot Cascade Deletest 2 QA2 @@ A dsojop gt 18y
AREARZE AR F7HA ] A4 =E A dHolokwt dth dF W, 4E oE
Al A 2A(AE Y, 0014 A2 FAE A= AASA S AL

zd)e) FAS Aol ¥F A7l Wo] B Ak S, 45 werHel

2

ME EYE 7HAE Al Txde]l AdEds Hold ZE ME BY AYg =
Ve Adees 54U ME BY9E TAHSE Ho] o|F A7 wgo)l 2 A

u

AdetA = geve A

ojth mtAte 2 Hae AFE Aggregation A 5
HEE9 3§l

]
oltl. Aggregationo| & THE B Eo 'R ZTAMFE o

oS
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35 1 Mu2gs das
1. delel Ae] dla= (Data Definition Methods)

CreateEntity: eName attributes: attrList under: appName

EntityObjectdl]l ©] wlAlZ]& B8 EntityObjectd] A B &2 2 eNameo©]
AAAEG. o] FYAE attrListo] EFE QAEX WHS4E JFA HH
appNamed}t= H3o A€

CreateSubtype: eName attributes: attrList

EntityObject®] A B.EH2(F AHE) o] HAXE BuUld 2 e E 9
AMBZFYAZ eNamedhs= 271 A4 A

new: el and: e2 withMin: minl andMin: min2 withMax: max! andMax
max2 named: rName

Relationshipdl ©] #iAAE BUH eld}t e2 <ElE] Alolol rNamee]&ts

JAE A ol Hd/HAgE AP

newRecursive: e withMin: minl andMin: min2 withMax: maxl andMax:

max2 named: rNamel converselyNamed: rName?2

Relationshipol] ©] ®AlA|E BEUE recursive@ A& A% o] e #
A BEvick FIA F sl BA|Eo] Had}
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Identifier: 1dList
e E o o wWA#E ¥ idListe]l TFE 43 BAZ AL A
gt} o] AEaE dEE FAA ASxAE Ayste o AHEETh

Attributes
AE B o] MAAE BUH 1 delEe] RE £49 o]F& dEErh

Relationships

dlElglel o] WAAE B 1 AeE 2E BA T Hg@H.

r

Identifier

ElE)e] o] HAIAE BRUlW 2 JEE S HEAE SET

subclasses

AEEle] o] HARE Bl 2

9,

r

T El o] MEE]S &8

superclass

AEE o HAXE BUY 2 JdHE Y £HEIYS BT

entities
#7)(Z Relationship® Q2B 2)el o] HAXE Buld 2 AA )} Fodst
£ 2 JdgEE gt

max: €

A0l o WAANE Ll AV es) Ax@2st 3 DA Fefske o
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min: e
Ao o] dAAE B ddEE eo] ¢l2®A7 O F A Fdst= o
E dEE2 § Qs =1

2. dEE] FHA 2 FA wA= (Entity Access and Maintenance Methods)

Instances

JdEEd of WAAS Bl 1 dEES MBER]Y TE AAHAZS @

&
o

FindInstance: anlD
AElE)o]) o] HARE BUH 1 AEElQ AA¥A F AW gleo] anID

~®aE BET

il

A

AddInstance: anlnstance

AE g o] WAAE BRUH dE el dAAAGEANE BFAT

rir
ol
<o
2,

3hsto] anlnstanced # 4 3ch.

UndoAdd: anlnstance
AE Elo] o] HAIRE B gninstanced HF add9E FE53 A7t
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Deletelnstance: anlnstance

AEEldl o] WARE

BUid HAAFEA
anlnstance® A g}

= AL
StartUpdate: anInstance
AEIE] o] o] WAAZ B anlnstances] & lockel ez AAAe F
Ao tiul 3l logE A ESE

Updatelnstance: anlnstance

AEE of HAAE v JdeEe} BAAAFRDE WEAIE B4l
g3l anlnstanceE 9+3] 724t

UndoUpdate: anlnstance

3 34 B34 %

A Elo) o] WA E KUl anlnstanceo] ¥ A AE FAITG,

92} A= (Relationship Access and Maintenance Methods)

Connect: il and: i2 using: rName

Relationshipel ©) WAIAE Bulld BAAL=AS

NEAN T B T
o] Q1 AEA {17 i24}o)o] rName#AE A PAIZG

DisConnect: il and: i2 using: rName

f‘;_}g}g;‘ ol AE A
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ReConnect: il from: i2 to: i3 using: rName

rir
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RelatedTo: il using: rName
Relationshipell o] dAIAE& BHuUH A28~ 17 rName@AZ g ol
2HAEE B

FirstFor: il using: rName
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